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ABSTRACT 
BIS-TERDENTATE CYCLOMETALATED IRIDIUM 
COMPLEXES AND EUROPIUM-COORDINATED 
MACROCYCLES FOR LUMINESCENT DEVICES 
Andrew John Wilkinson 
A great deal of interest currently surrounds the development of electrophosphor-
escent materials, as they may exhibit efficiencies greater than the theoretical limit of 
25% for purely fluorescent materials. The most studied material for such purposes is 
jac-Ir(ppY)3, which exhibits efficient green phosphorescence in solution and in 
electroluminescent devices. Europium(III) complexes have also received attention for 
their narrow bandwidth red emission. 
A number of charge-neutral iridium(III) complexes have been prepared as 
potential electrophosphorescent materials. Bis-terdentate coordination has been 
investigated, in a quest to provide improved stability with respect to jac-Ir(ppY)3 
derivatives, an important objective in commercial development. The complexes 
described herein are the first examples of iridium bound to NACAN coordinating 1,3-
di(2-pyridyl)benzene derivatives. Methyl substitution at C4 and C6 of the phenyl ring 
(i.e. 1,5-di(pyridin-2-yl)-2,4-dimethylbenzene (dpydmbH)) is required to inhibit 
competitive cyc1ometalation at these positions. Efficient red emission was observed 
from Ir(dpydmb-N,C,N)(dppy-C,N,C) (dppyH2 = 2,6-diphenylpyridine) (Am ax = 585 nm, 
<l>PL = 0.21 in degassed CH3CN). Fluorination of the dppy ligand at the 2 and 4 positions 
of the phenyl rings results in a simultaneous blue-shift and increase in efficiency 
(Amax = 547 nm, <l>PL = 0.41 in degassed CH3CN). These complexes exhibit an unusual 
meridional geometry, difficult to achieve for tris-bidentate complexes. The complex 
Ir( dpydmb-N,C,N)(ppy-C,N)Cl is exceptionally emissive (Amax = 508 nm, <l>PL = 0.76 in 
degassed CH3CN). Ir( dpydmb-N,C,N)(tppic-C,N,0) and Ir( dpydmb-N,C,N)(hbqc-
C,N,O) (tppicH2 = 4-p-tolyl-6-phenylpicolinic acid; hbqcH2 = 4-hydroxybenzo[h]-
quinoline-2-carboxylic acid) were poorly emissive, attributed to a photo activated 
labilisation of the Ir-C bond in solution. 
The effect of substitution position of a senslt1s1ng aminobenzophenone 
chromophore was investigated in a series of europium(III) macrocyc1ic complexes. 
Maximum photoluminescence quantum yield was observed for the para-substituted 
isomer, attributed to the distance dependence of the efficiency of energy transfer. An 
unexpected rearrangement was observed for the ortho-substituted ligand, resulting in a 
quinoline derivative with a rare N-arylated substitution pattern. 
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Chapter 1 - Introduction 
1 Introduction 
1.1 Organic electroluminescent devices 
Until recently, the most common display technology for computers and tele-
vision screens was the cathode-ray tube (CRT). Yet for mobile devices such as laptop 
computers and cellular phones, the size, weight and poor durability of CRTs have pre-
vented their usage. It is in these applications that liquid crystal displays (LCDs) have 
traditionally been employed. Even these are not without their disadvantages; hence a 
new technology promising energy efficient emissive flat panel displays is highly 
attractive. 
Organic light-emitting devices (OLEDs), also referred to as orgamc light-
emitting diodes or organic electroluminescent devices (OELDs), have received much 
attention since their conception in the late 1980s, and a number of review articles chart 
their progress. I-5 Electroluminescence (EL) is an electrically activated emission of light, 
first observed from silicon carbide (SiC) by Henry Round in 1907, and then from zinc 
sulfide (ZnS) by Georges Destriau in 1936.1 Inorganic light-emitting diodes (LEDs) 
based on GaAsp6 were commercialised in the early 1960s by General Electric, and 
further improvements have resulted in luminous efficiencies in excess of 101m WI. I 
Electroluminescence of an organic material was first reported in 1963 with the 
observation that crystals of anthracene emit light upon the application of over 400 V.7 It 
was another 24 years before Tang and VanSlyke produced a reasonably efficient light-
emitting diode incorporating organic fluorophores. 8 This was the required catalyst to 
revive research in the area of organic electroluminescent devices. A further break-
through was published by Friend et al. in 1990, reporting the fabrication of an OLED 
based upon the highly fluorescent conjugated polymer, poly(p-phenylene vinylene) 
(PPV).9 
The advantages of OLEDs with respect to inorganic LEDs are many and varied. 
Since only low DC voltages are used, they require less power and may be illuminated 
uniformly over a large area. Polarised light may be produced,1O allowing simple 
integration with existing LCD technologies. Their production and subsequent 
fabrication into devices by spin-coating, vapour deposition, or other techniques is 
simpler and less costly than the methods required for inorganic materials. These 
deposition processes also allow the formation of very thin films and therefore flexible 
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displays, 1 1 as well as patterned deposition through standard lithographic techniques. 
Finally, unlike inorganic materials there is much scope for structural modification, 
facilitating tunability in emISSIon colour and other electroluminescent properties. 
Inorganic materials however have their advantages, in particular their superior device 
lifetimes. 
F or organic LEDs to be fully accepted commercially, lifetimes of 50 000 hours 
at brightnesses of 250 cd m -2 are desirable. Although much research is still required to 
reach these levels, many companies have already invested in the technology.12 The first 
commercially available high-resolution organic electroluminescent display was intro-
duced by Pioneer in a car radio in 1997. 13 Since then they have been used as efficient 
backlights for several LCD displays.I4 Looking to the future, Epson have recently 
demonstrated a prototype 40" full-colour OLED display based on polymeric materials. IS 
1.1.1 Origins of electroluminescence in organic materials 
To understand electroluminescence it is first advantageous to consider photo-
luminescence. I6 Photoluminescence is defined as "light emitted by a cold excited 
body... [ that] results from light absorption", 17 with the main processes summarised in 
Figure 1. It is initiated by the absorption of a photon of light of suitable wavelength to 
excite a molecule from the ground (So) state to an excited (Sn) state. This is generally 
followed by rapid relaxation to the lowest excited singlet (SI) manifold in accordance 
with Kasha's rule. I8 Since electronic transitions occur much faster than changes in 
19 I' . geometry (the Franck-Condon principle ), some degree of molecu ar reorgamsatIOn 
will take place to the lowest vibrational state. A number of processes may follow, 
hv 
Figure 1. Schematic representation of fluorescence in organic materials. 
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including chemical reaction or quenching by other species. Most importantly, emission 
may occur back into a range of vibrationally excited levels of the ground (So) manifold, 
a process termed fluorescence. Alternatively, intersystem crossing (ISC) to a triplet (Tn) 
state and radiationless relaxation to the lowest excited triplet (T I) state may occur, 
followed by phosphorescence. This is most common in the presence of heavy metal 
atoms, where spin-orbit coupling partially allows the formally forbidden T I ~So 
transition. Due to radiationless losses of energy at each step, the frequency of the 
emitted photon will be lower than that of the excitation photon. The size of this so 
called Stokes' shift l9 is dependent on the degree of geometric distortion between the 
ground and excited states. 
Electroluminescence is defined as "a nonthermal generation of light resulting 
from the application of an electric field to a substrate,,20 (i.e. the excited state is formed 
by the application of an electric field rather than the absorption of a photon), 
summarised in Figure 2. In a simple electroluminescent device, an organic emissive 
layer is sandwiched between two electrodes. Upon application of an electric potential, 
Reduction 
0 1- ~ 1-
e 
0 8 Ground Electron state carrier 0,0 
~e • 1- + 1- + -t®~ 
e (f) D~ Ground ~ Electron Hole Exciton carrier carrier state 
Oxidation 
1- ~ + 
0 (f) 
Ground Hole 
Light state carrier 
Figure 2. Schematic representation of electroluminescence in organic 
materials. 
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the organic layer at the cathode is reduced and at the anode oxidised to give electron and 
hole carriers respectively. These migrate under the applied field via a hopping 
mechanism until they either reach the opposite electrode, or meet a charge carrier of the 
opposite sign. When the latter occurs, the two carriers combine to produce one ground 
state molecule and an exciton. The nature of this exciton is comparable to the excited 
state produced by transfer of an electron from the HOMO to LUMO (i.e. the excited SI 
and T 1 states discussed for photoluminescence). Emission of a photon of light from this 
level then occurs as for photoluminescence. In fact, it is generally found that the profiles 
of electroluminescence spectra are identical to those from photoluminescence of the 
emissive material. 
It should be noted that the combination of charge carrIers III an electro-
luminescent device results in the formation of both singlet and triplet excitons. This is in 
contrast to photoluminescence, where in the absence of significant intersystem crossing 
only the excited singlet (SI) state is populated. Since phosphorescence from triplet states 
is a spin-forbidden process, it is rarely observed in organic molecules at room temp-
erature, and relaxation through non-radiative processes dominates. In an electro-
luminescent device this results in the generation of unwanted heat. 
It is often assumed that the formation of excitons is purely statistical, with a 250/0 
fraction of singlet excitons due to the 1:3 degeneracies of the singlet and triplet states. 
This is not necessarily the case, especially as the Pauli exclusion principle reduces 
electron-electron correlation, resulting in the triplet state being lowered in energy with 
respect to the singlet state by ~O.7 eV in both polymeric21 ,22 and small molecular 
weight21 materials. 
Comparison of an aluminium tris(8-hydroxyquinoline) (Alq3) host doped with a 
fluorescent dye (DCM2) to one doped with a phosphorescent dye (PtOEP) indicates a 
singlet fraction (xs) in Alq3 of 22±30/0, agreeing within error with the 25% statistical 
ratio.23 Analysis of the photoluminescence and electroluminescence spectra of a 
platinum-containing conjugated polymer however, shows a singlet fraction of 57±4% 
for the polymeric system, but only 22±1 % for the monomer.24 Photoinduced absorption 
and photoinduced absorption detected magnetic resonance studies also concluded that 
the singlet fraction is greater than 250/0, varying systematically with the optical gap in a 
range of conjugated polymers (see Figure 3)?5 
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Figure 3. Experimentally determined singlet/triplet formation cross-section 
ratios for some polymeric and oligomeric materials (reproduced from 
reference 25). 
These conclusions are also evident in theoretical studies of polymeric systems. 
Molecular orbital perturbation calculations on PPV 0ligomers26 predict a singlet fraction 
of 29.70/0, although this is raised to 50% by balancing electron and hole injection. By 
magnetic doping of polymers with transition-metal complexes, it has been predicted that 
intersystem crossing between the T 2 and S2 states can be significant, leading to an 
effective singlet fraction of up to 90%.27 Even if the formation of excitons is statistical, 
it has been suggested that for energy splittings less than 0.5 eV, thermal repopulation of 
the singlet state can lead to efficiencies approaching 100%.28 
In summary, evidence to date suggests that although singlet formation ratios are 
limited to 25% for low molecular weight materials, this value in polymers may be 
larger. Either way, the singlet formation ratio limits the efficiency of traditional electro-
luminescent devices. Much work has been directed into overcoming this constraint by 
the use of phosphorescent emitters (see Section 1.1.6). 
1.1.2 Efficiency of organic electroluminescent devices 
The fundamental quantity of electro luminescence is the internal EL quantum 
efficiency, 1Jint' which is defined as the ratio of the number of photons emitted to the 
number of electrons injected. This is the value most comparable to the PL quantum 
yield, <l>PL, which is the ratio of the number of photons emitted to the number of photons 
absorbed. 
5 
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Due to refraction, not all photons produced can escape the bounds of the device. 
A second quantity, the external EL quantum efficiency 'lext, relates the number of 
photons observed externally to the device to the number of electrons injected. This is 
related to 'lint by equation 1,29 where n is the refractive index of the organic material. For 
a typical polymer, n = 1.4, resulting in a four-fold reduction in efficiency. 
(1) 
Power efficiencies 'lpow (W WI) are defined as the ratio of output light power to 
input electric power. This may be determined from the external EL quantum efficiency 
by equation 2, where Ep is the average energy of the emitted photons and V is the 
applied voltage across the device. 
7Jext E p 
7J pow = V (2) 
While this quantity indicates the power of emitted light, the human eye's 
sensitivity varies as a function of wavelength, being more sensitive to green light than 
either red or blue. Another term, the luminous efficiency 'llum (lm WI), is determined by 
applying the eye sensitivity curve S as defined by the Commission Internationale de 
L'Eclairage (CIE) (equation 3). 
(3) 
Finally, the brightness of an OLED is often quoted, and specifies the amount of 
light emitted by a device per unit area (cd m-2). For reference, a typical laptop display 
reaches a brightness of about 100 cd m -2. I 
1.1.3 Fabrication of organic electroluminescent devices 
Organic electroluminescent devices are extremely thin layered configurations of 
sequentially deposited materials, typically less than 200 nm in total thickness (see 
Figure 4). These are layered upon a suitable substrate, usually glass, or for flexible 
displays a polymeric support. One of the electrodes must be semitransparent, with 
indium tin oxide (ITO) commonly used as the anode. The cathode requires electro-
positive metals with low work functions, with AI, Ca, Mg, In, or alloys such as Mg:Ag 
often used. The organic substrate is sandwiched between the two electrodes, deposited 
by either vacuum deposition of volatile low molecular weight compounds, or by spin-
coating and more recently ink-jet printing30 for polymeric and oligomeric materials. The 
whole device is protected from the atmosphere to prevent oxidation of the reacti\'e 
6 
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glass or polymer) 
Figure 4. Schematic diagram of an organic electroluminescent device. 
Since organic semiconductors are usually intrinsic p-type conductors, they are 
good hole transporters but poor at transporting electrons. Exciton formation therefore 
occurs a small distance from the cathode, with a detrimental effect on efficiencies and 
device lifetimes. In order to balance charge injection, multilayer devices have been 
developed that incorporate additional electron transport layers. The structure of a 
multilayer device is often written in the form Anode/Organic/Organic:Organic/Cathode, 
where a solidus (f) separates distinct layers, and a colon (:) denotes a mixture. By the 
use of suitable device structures, efficient low molecular weight OLEDs have been 
reported with lifetimes of over 50 000 hours/land polymeric devices with lifetimes in 
excess of 10 000 hours.32,33 
1.1.4 Organic materials for OLEO applications 
Requirements for organic materials as emitting layers in electroluminescent 
devices include the ability to undergo charge transfer with neighbouring layers to 
transfer that charge through the device, and to efficiently emit light. Two general classes 
of compounds have been studied, low molecular weight materials and conjugated poly-
mers (sometimes referred to as PLEDs). In an attempt to combine the advantages of 
each of these, oligomers, and polymers with isolated main-chain or side-chain chromo-
phores have been investigated. 
7 
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The following sections present an overview of progress in organic materials for 
electroluminescent devices. For a more thorough account, the reader is directed to a 
number of comprehensive review articles. I -5 
1.1.4.1 Low molecular weight materials in OLEDs 
The report in 1987 of a device with aluminium tris(8-hydroxyquinoline) (Alq3) 1 
as the emissive material led the way for efficient electroluminescent devices.8 By 
incorporating a bis(triarylamine) hole transport layer, an ITO anode and a Mg:Ag 
cathode, the operating voltage was lowered to below 10 V, a significant reduction from 
the 400 V required for anthracene.7 The device exhibited an external quantum efficiency 
of 1 %, resulting in green emission ("'-max = 550 nm) with high brightness (> 1 000 cd m -2) 
and luminous efficiency (1.5 1m WI). To date, Alq3 1 is the most widely used electron-
transport material due to its high thermal and morphological stability, ease of 
preparation and inability to form exciplexes. Thin films exhibit a photoluminescence 
efficiency of 32±2%34 and a number of groups have prepared derivatives to further 
improve its efficiency, thermal stability and film-forming abilities.35-37 
TBSA2 
Purely organic emitters generally emit in the blue region,38 a feat that has proven 
troublesome for inorganic LEDs. The bis(spirobifluorenyl)anthracene 2 (TBSA) is 
reported to achieve a brightness of 300 cd m -2 with CIE coordinates (a measure of the 
observed colour) of x = 0.14; Y = 0.08/9 claimed to be the closest OLED to the NTSC 
standard blue. A number of groups have attempted to combine electron transport, hole 
. . h d 40,-l1 An 
transport and emitting groups in a SIngle low molecular weig t compoun . 
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1.1.4.2 Polymeric materials in OLEOs 
In 1990, Friend et al. demonstrated yellow-green electroluminescence from the 
conjugated polymer, poly(p-phenylene vinylene) (PPV) 3.9 Although PPV itself is 
insoluble, a precursor may be spin-coated from methanol before thermally activated 
conversion to PPV. In addition to overcoming the practical difficulties of vapour-
deposition techniques, increased stability is expected over sublimed organic films. 
Although not as high as some low molecular weight devices of the time, a reasonable 
external EL quantum efficiency of 0.05% was reported. 
n 
PPV3 
By incorporating long alkoxy side chains, the polymers become soluble in a 
range of organic solvents, allowing direct spin-coating without a precursor polymer. 
The dialkoxy-substituted PPV derivative poly [2-methoxy-5-(2-ethylhexyloxy)-p-
phenylenevinylene] (MEH-PPV) 4 reaches an external EL quantum efficiency of 1 % 
even in a single-layer device.42 The addition of phenyl groups at both vinylene43 and 
pheny lene 44-47 positions allow simultaneous improvements in the stability, efficiency 
and organic solubility, along with a blue-shift in emission. Calculations indicate that the 
introduction of cyano substituents improve electron injection,48 with MEH-CN-PPV 5 
shown experimentally to exhibit an external EL quantum efficiency of 2.5%.49 
n 
MeO MeO 
MEH-PPV 4 MEH-CN-PPV 5 
In 1992 Leising et al. reported one of the first examples of a blue emitting 
6 ('l - 470 ) 50,51 The polymeric OLED by the use of poly(p-phenylene) (PPP) "'max - nm . 
external EL quantum efficiency was 0.05%, comparable to similar PPV based devices. 
Like PPV, PPP must be spin-coated as a precursor polymer, with alkoxy side-arms 
9 
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improving solubility.52 Ladder-type PPP derivatives 753 reduce the twisting between 
rings induced by side-groups, improving the fluorescence quantum yield. 
PPP6 Ladder-type PPP 7 
Other polymeric structures that have been investigated for OLED applications 
include derivatives of poly(phenylene ethynylene) 8,54 polyfluorene 9,55,56 and poly-
(naphthalene-vinylene) (PNV) 10.57 Heteroatom containing chains include poly(3-alkyl-
thiophene) (PAT) 1155,58-61 and poly(pyridinevinylene) (PPyV) 12.62,63 Polyquinoxalines 
(PQxs) are of particular interest, since the low refractive indices of PPQ 1364 and 5,8-
derivatives 14,65,66 result in increased external EL efficiencies. Polysilanes exhibit 
delocalisation of a-electrons in an analogous manner to the 1t-electrons of conventional 




Poly(phenylene ethynylene) 8 Polyfluorene 9 
R 
n tQ{ S n n 





PPQ 13 5,8-PQxs 14 
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1.1.4.3 Hybrid materials in OLEOs 
Randomly dispersed defects in polymeric materials result in a statistical 
distribution of conjugation lengths, hence a range of electronic properties. Conjugated 
oligomers retain the ease of deposition of polymers, but with a well-defined conjugation 
length. Akin to PPV, oligo(p-phenylenevinylene)s (OPVs) have been incorporated into 
electroluminescent devices, with external EL efficiencies as high as 1.360/0 for a single-
layer of 15.70 The emission wavelength is red-shifted with increasing conjugation 
length,71,72 allowing tuning of the device colour. The first oligothiophene-based device 
was reported in 1993 exhibiting yellow-orange emission at relatively low voltages, 
albeit with poor efficiency.73 Much improved performance may be afforded by 
dearomatisation of a central thienyl ring and replacement with a thienyl-S,S-dioxide 
unit.74,75 Oligo(p-phenylene)s may be used for blue emission, with efficiencies as high 
as 3.40/0.76 Since blue light may be used to excite lower frequency red and green dyes, 
full colour OLEDs have been produced with sexi(p-phenylene) emitters.77,78 
An OPV 15 
Polymers with isolated chromophores provide well-defined, tuneable electronic 
properties, and suppress 1t-stacking, recrystallisation and phase separation. By the 
introduction of regularly spaced ether,79 ester,80 carbonate,81 amide,80 hexafluoropropyl-
idene82 and silane83 groups, the delocalisation of a polymer chain can be broken into 
sections with distinct conjugation length. Alternatively, side chain appended chromo-
phores allow the direct incorporation of low molecular weight emitters into a polymeric 
framework. Exciplex formation and crystallisation have hindered the use of multi-
nuclear arenes in OLEDs, however pyrene,84 fluoranthene,84 anthracene
85 
and triphenyl-
ene86 have all been successfully incorporated when attached to a suitable polymer. 
1.1.5 Fluorescent dopants in electroluminescent devices 
Two years after the report of Alq3 as an emitter8 it was suggested that the 10\\" 
87 . ' h 
fluorescence quantum yield limited device performance to about 20/0. By dopmg Wit 
1 1 
Chapter 1 - Introduction 
the highly-emissive dyes coumann 540 16, DCMI 17 and DCM2 18, electro-
luminescence efficiencies were doubled.87 A multilayer device incorporating the 4-
methyl derivative of Alq3 doped with coumarin 540 16 achieves a maximum luminance 
in excess of 140 000 cd m -2 and an external EL quantum efficiency of 7.1 %, close to 
the theoretical limit. 88 Furthermore, provided that energy transfer is efficient the 
emission colour is determined by the dopant. 
o 
Coumarin 540 16 DCMI17 DCM218 
Doped systems allow the combination of a superior charge transporting host 
with a highly efficient emitting guest. This also dilutes the guest, reducing self-quench-
ing effects along with their associated broadening and bathochromic shifts. Energy 
transfer can occur only if the absorption spectrum of the acceptor (guest) overlaps with 
the emission spectrum of the donor (host). At low dopant concentrations, emission is 
from both host and guest species. Guest emission is enhanced with increasing conc-
entration, and providing that there is efficient energy transfer, will quench host emission 
entirely. A further increase in dopant concentration eventually results in a decrease in 
emission intensity as self-quenching effects dominate (see Figure 587). Optimal dopant 
concentrations are typically very small, e.g. 0.1-0.5% for a DCMI-doped Alq3 device.87 
400 450 500 550 600 650 700 
Wavelength I nm 
. on a DCMl-doped Alq3 device Figure 5. Effect of doping concentratIOn 
(reproduced from reference 87). 
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1.1.6 Phosphorescent emitters in electroluminescent devices 
As discussed in Section 1.1.1, the efficiency of purely fluorescent electro-
luminescent devices is limited by the singlet formation ratio. By incorporating phos-
phorescent compounds, emission occurs from both singlet and triplet excitons, and 
1000/0 internal EL quantum efficiency can potentially be achieved. Dyes containing 
heavy metal atoms are ideal for this purpose, since the large spin-orbit coupling partially 
allows previously spin-forbidden emission from triplet states. 
Although a device doped with the phosphorescent compound benzophenone was 
reported in 1996, low efficiency was observed even at 100 K.89 The first phosphorescent 
dye to exhibit efficient electroluminescence was 2,3,7,8,12,13,17,18-octaethyl-21H-
23H-porphine platinum(II) (PtOEP) 19, with an internal EL quantum efficiency of 23% 
(corresponding to an external EL quantum efficiency of 40/0) when doped into Alq3.90,91 
Over 900/0 of the energy is transferred from Alq3, confirming that emission occurs from 
both singlet and triplet excitons. Suitable choice of host raises the internal EL quantum 
efficiency to 320/0.92 Doping PtOEP into a polymeric host results in a 400/0 increase in 
dopant electroluminescence relative to photoluminescence.93 Unfortunately the long 
phosphorescence lifetime of PtOEP (>10 J.lS)90 results in triplet-triplet annihilation at 
high current (equation 4). 
(4) 
PtOEP 19 
The excited states of dopant molecules may result from either exciton formation 
in the host followed by charge transfer to the guest, or by direct charge-trapping and 
exciton formation on the dopant. For the former there are two energy transfer mech-
anisms, Forster94 and Dexter,95 both of which require the donor energy levels to be 
higher in energy than those of the acceptor. Forster transfer94 involves coupling of 
molecular transition dipoles (see equation 5). This is a relatively long range effect (~40-
13 
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100 A) and to be effective requIres good overlap of donor emission and acceptor 
absorption spectra. 
(S) 
Dexter transfer95 is the simultaneous exchange of an excited electron from a donor to an 
acceptor in return for a lower energy electron (see equations 6 and 7). It is dependent 
upon orbital overlap and hence its efficiency diminishes rapidly with distance. 
(6) 
(7) 
1.2 Iridium complexes and their use in electroluminescent 
devices 
1.2.1 The inorganic and coordination chemistry of iridium 
Iridium96,97 is the third row transition metal of group 9 (the cobalt triad). 
Discovered in 1803 by Tennant, it was named after the Latin iris meaning rainbow and 
the Greek god Iris (ipte;, whose sign was the rainbow) due to the variety of colours of its 
compounds. It is an exceedingly rare element, comprising 0.001 ppm of the earth's 
crust, but may be obtained from osmiridium (~SO%) or iridiosmium (~70%). Some 
physical properties of elemental iridium are summarised in Table 1. 
Atomic number 77 
Atomic mass 192.217(3) 
Natural isotopes 191Ir (37.3%); 193Ir (62.70/0) 
Electronic Configuration [Xe ]4f14Sd7 6s2 
Effective ionic radius Ir(HI) 0.68 A 
(6-coordinate) Ir(IV) 0.63 A 
Ir(V) 0.S7 A 
Melting Point 2443°C 
Boiling Point 4SS0°C 
I ° °dO 96,97 Table 1. Physical properties of elementa IrI lum. 
The ground state electronic configuration of iridium is Sd7 6s2, with its accessible 
oxidation states ranging from -3 ([Ir(CO)3]3-) to +6 (IrF6). Due to the high crystal field 
14 
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stabilisation energy (CFSE) resulting from a low-spin octahedral t2g6 state, IrlII is the 
most common oxidation state, although IrI is well known for 1t-acceptor ligands. The d6 
low-spin configuration of iridium(III) results in great inertness, with harsh conditions 
commonly required to substitute ligands. 
1.2.1.1 N-Heterocyclic complexes of iridium(lIl) 
The most straightforward bidentate N-heterocyclic ligand is 2,2' -bipyridine 
(bpy). The preparation of [Ir(bpY)3]3+ 20 was first reported in 1958 upon heating K3IrCl6 
in bpy at 272-273°C for 20 minutes,98 a route later adapted for [Ir(phen)3]3+ (phen = 
1,1 O-phenanthroline). 99 An improved preparation was subsequently published requiring 
conversion of K3IrCI6·3H20 to its sulfate, reaction with bpy at 230°C under a CO2 
atmosphere and a laborious work_up.IOO A much simplified procedure reported recently 
involved microwave irradiation of (NH4)3[IrCI6]·H20 and 2,2'-bipyridine in ethylene 
glycol for 15 minutes. Precipitation by addition of a saturated aqueous solution of KPF 6 
and recrystallisation gave [Ir(bpY)3]3+ in 84% yield. IOI 
The tridentate analogue of 2,2'-bipyridine is 2,2':6',2"-terpyridine (terpy). The 
synthesis of the first iridium(III) bis-terpyridine complex, [Ir(terpy)2]3+ 21, was reported 
in 1990102 following the harsh conditions used for [Ir(bpY)3f+· 100 A milder two-step 
synthesis was published in 1999. 103 The first ligand is introduced by reaction with 
iridium(III) trichloride in refluxing ethanol (or ethylene glycol where solubility is poor) 
to form an Ir(terpy)Ch intermediate. Reaction with a second ligand in ethylene glycol at 
elevated temperatures displaces the chloride ligands. While unsymmetrical complexes 
may be readily prepared in this way, short reaction times are required to minimise 
scrambling. 
15 
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1.2.1.2 Cyclometalated complexes of iridium(llI) 
The first cyc10metalated complex of iridium was prepared in 1977 by reaction of 
2,2'-bipyridine (bpy) with iridium(III) trichloride in ethylene glycol at 180°C. 104 Based 
on the available data it was identified as [Ir(bpy-N,N')2(bpy-N)(H20)]3+ 22, with one 
monodentate bipyridine and the sixth coordination site occupied by water. This 
formulation was controversial,105-108 and it was not until 1981 that the structure was 
correctly identified by X-ray crystallography as [Ir(bpy-N,N')2(Hbpy-C3,N,)]3+ 23. 109 
[Ir(bpy-N,N')2(Hbpy-c3,N')f+ 23 
The prototypical ligand for cyc1ometalation of iridium(III) is 2-phenylpyridine 
(ppyH), which must cyc10metalate in order to bind in a bidentate manner. In 1985, 
Watts et al. reported the preparation of the dichloro-bridged di-iridium(III) 2-phenyl-
pyridine complex 24 in addition to the benzo[h]quinoline (bzqH) analogue 25. 110 The 
strong trans-effect of the cyc10metalating ligand directs the bridging chlorides directly 
opposite the Ir-C bond. A mixture of ll.ll./ AA isomers is favoured in order to reduce 
interligand steric interactions, confirmed by subsequent crystallographic studies of 
[Ir(ppY)2(~-CI)h111 and the 2-(p-tolyl)pyridine derivative (see Figure 6).112 
[Ir(bzq)2(~-Cl)h 25 
16 
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C11d' 
Figure 6. Crystal structure of [Ir(Me-ppyh(fl-CI) h. l12 
One side-product in the preparation of [Ir(ppyh(J.!-CI)h was later isolated in low 
yield (~1 0%), and identified as the tris-cyclometalated fac- Ir(ppY)3 26. 11 3 The most 
popular synthesis of this compound to date involves reacting the ligand with Ir(acac)3 
(acacH=2,4-pentanedione) in glycerol at reflux for 10 hours (40-75% yield).11 4 
Increased yields have been claimed by firstly converting [Ir(PPY)2(/l-CI)h into the 
mononuclear Ir(ppY)2(acac) by treatment with 2,4-pentanedione and sodium carbonate 
in 2-ethoxyethanol. Subsequent reaction with 2-phenylpyridine (ppyH) in glycerol at 
reflux givesfac-Ir(ppY)3 in an overall yield greater than 75%.115 
Superior yields (~750/0) have also been obtained by reaction of [Ir(ppY)2(/l-CI)h 
and AgS03CF3 in excess 2-phenylpyridine, with no additional solvent. I 16 This route has 
been applied to the preparation of a series of Ir(ppY)3 derivatives, albeit in lower yield 
starting directly from iridium(III) trichloride. I 17 Similar high yields (75%) are reported 
upon microwave irradiation of IrCb·3H20 and 2-phenylpyridine in ethylene glycol for 
only one minute. IIB By the use of excess ligand and slightly extended reaction times a 
quantitative yield is obtained. A smaller quantity of ligand is required if Ir( acac)3 is used 
as a precursor, and has been shown to allow access to derivatives inaccessible via 
conventional heating. I 19 
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fac- Ir(ppY)3 26 mer-Ir(ppY)3 27 
All synthetic routes mentioned so far I 13-118 have resulted in the facial isomer 26 
, 
with no evidence for the formation of mer-Ir(ppY)3 27. This facial arrangement has been 
attributed to the strong trans-effect of cyc10metalating ligands directing the nitrogen of 
a further ppyH into the trans site. Subsequent cyc1ometalation results in a facial 
arrangement of donor atoms. Evidence for this two-step binding is provided by the 
isolation of an N-coordinated ppyH prior to cyc1ometalation with Ir. 12o 
It has recently been shown that the meridional isomer 27 may be prepared by 
reaction of [Ir(ppY)2(~-CI)h 24 with ppyH in the presence of potassium carbonate at 
slightly lower temperatures (140°C).121 At temperatures greater than 200°C, reaction 
results predominantly in the facial isomer. These outcomes are also observed for the 
iridium(III) complexes of 2-(p-tolyl)pyridine (tpyH) and 1-phenylpyrazole (ppzH). For 
the 4,6-difluorinated analogue 2-( 4,6-difluorophenyl)pyridine (46dfppyH), a mixture of 
fac- and mer-isomers formed even at 140°C, with yet lower temperatures required to 
isolate the meridional isomer. 
The kinetic product, mer-Ir(ppY)3 may be converted into the thermodynamic 
product, fac-Ir(ppY)3 by either thermal- or photo-isomerisation. Interestingly, although 
synthesis of mer-Ir( 46dfppY)3 requires particularly low temperatures, a similar thermally 
induced rearrangement does not occur. This suggests that a mer~fac isomerisation of 
the intermediate takes place prior to complexation of the third cyc10metalating ligand. 
Photoisomerisation of mer-Ire 46dfpPY)3 in acetonitrile solution has an activation energy 
of 15.2 kJ mor l , but is quenched by addition of azulene indicating that isomerisation 
proceeds via a triplet state. 122 
Distinct differences may be observed between the molecular structures of fac-
Ir(tpY)3 112 and mer-Ir(tpY)3 121 (see Table 2). The mutually trans Ir-C and Ir-N bonds of 
mer-Ir(tpY)3 are comparable in length to those in the facial isomer, as expected from 
18 
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their similar electronic environments. The Ir-N bonds trans to nitrogen however are 
significantly shortened by the comparatively weak trans-influence of the pyridyl group. 
Similarly, the strong trans-influence of a cyc10metalated phenyl group lengthens the 
mutually trans Ir-C bonds. 
Bond distances / A 
jac-Ir(tpY)3112 mer-Ir(tpY)3 121 
Ir-N1 2.151(9) (trans to C3) } Ir-N2 2.132(5) (trans to C) 2.044(8) (trans to N3) 
Ir-N3 2.065(8) (trans to N2) 
Ir-C1 2.076(10) (trans to C2) 
Ir-C2 } 2.024(6) (trans to N) 2.086(12) (trans to C1) 
Ir-C3 2.020(8) (trans to Nl) 
Table 2. Selected bond distances for fac- and mer-Ir(tpYh (tpyH = 
2-(p-tolyl)pyridine ). 
As dichloro-bridged di-iridium(III) intermediates may easily be prepared, this 
affords ready access to mixed ligand Ir(C"N)2(X"X) species. Reaction of 
[Ir(ppY)2(~-CI)h 24 with 2,2'-bipyridine (bpy) in dichloromethane at room temperature 
is reported to give [Ir(ppY)2(bpy)t 28 in reasonable (~750/0) yield. 123 Similar reaction 
with the potentially bridging ligand 1,4,5,8,9,12-hexaazatriphenylene (HAT) also results 
in the corresponding iridium(III) complex 29,124 allowing the synthesis of mixed-metal 
dinuc1ear systems. 125,126 Where charge-neutral iridium(III) complexes are desired, 
. . I 115,127,128 
Ir(C"N)(acac) compounds may be prepared as dIscussed preVIOUS y. 
jac-[Ir(ppY)2(bpy)t 28 jac-[Ir(ppY)2(HAT)t 29 
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In 1994, the complexation of 2-(2-thienyl)pyridine (thpy) was reported by a 
solvent-free route!16 The resulting complex (fac-Ir(thpY)3 30) exhibits cyc1ometalation 
at the 3-position of the thienyl ring. A number of 2-phenylbenzothiazole (pbt) 
complexes (e.g. Ir(pbt)2(acac) 31)115 have also been reported. 
Jac-Ir(thpY)330 Ir(pbt)2(acac) 31 
While iridium(III) complexes of C"N binding ligands are common, terdentate 
coordination of cyc10metalating ligands is relatively unexplored. This was first reported 
in 1997 for the potentially cyc10metalating ligand 2,6-bis(7'-methyl-4'-phenyl-2'-
quinolyl)pyridine (bmpqpyH) 32. It is capable of binding through three nitrogens 
(N"N"N) or, by bond rotation, through two nitro gens and a cyc10metalating carbon 
atom (N"N"C). Upon reaction with IrCb in glycerol at reflux for 24 hours, both 







While complexation of 4'-aryl-6'-phenyl-2,2'-bipyridine derivatives has also 
been investigated,130-133 the precursor has always been [Ir(PPY)2(Jl-Cl)h 2·t, limiting 
binding to bidentate coordination. The mild reaction conditions employed result in 
chelation in an N"N manner, with no metalation at the phenyl ring. Crystal structures of 
20 
Chapter 1 - Introduction 
the resulting complexes have shown that the pendent phenyl group is approximately 
orthogonal to the bipyridine moiety.130,131 
The ligand 2,6-diphenylpyridine (dppyH2) could in principle metalate at both 
phenyl rings. Early attempts with phosphines as the ancillary ligands were unsuccessfuL 
resulting in the mono-cyc1ometalated complex [Ir(dppyH)(PPh3)2Ht 33. 134 The sixth 
coordination site is stabilised by an agostic C-H"'Ir bond, interconverting rapidly with 
the metalated site in solution. 
I~ 
.......: 
N H~I I~ 
Ir .......... 




"" I I/H 
..Ir .......... 
Ph3P\\/ I "'PPh3 
H 
Very recently, successful dimetalation of 2,6-diphenylpyridine has been reported 
in complex 34. 135 This was synthesised by reaction of a terpyridine iridium trichloride 
intermediate with 2,6-diphenyl-4-(p-tolyl)pyridine) in degassed ethylene glycol at 
190°C. The terpyridine fragment binds in a similar manner to that in bis-terpyridine 
complexes, with the CANAC fragment (i. e. the ligand binding through two peripheral 
cyc10metalating rings and a central pyridine ring) exhibiting a relatively short Ir-N 
bond (2.022(6) A) and relatively long Ir-C bonds (2.122(9) A and 2.094(9) A). This 




Chapter 1 - Introduction 
1.2.2 Photoluminescence and electrochemistry of iridium(llI) complexes 
While iridium(III) polyimine complexes are invariably luminescent, the nature 
of the emissive state is strongly dependent upon the energy of the highest lying metal-
centred orbital. This is determined predominantly by the number of anionic or cyclo-
metalating donor atoms. In addition, [IrN6]3+ complexes are strong photooxidants. while 
[IrN3C3] complexes are strong photoreductants. 
When none of the ligands bound to iridium(III) are cyc10metalated or anionic. 
emission generally occurs from ligand centred (LC) states. For example, [Ir(bpY)3]3+ 20 
displays a highly structured emission at 77 K with "'em ~ 440 run and a lifetime of 
~80 /.lS.lOO Although predominantly ligand centred, room temperature degassed lifetimes 
(r = 2.4 /.lS)136 suggest some metal-to-ligand charge transfer (MLCT) character. Cyclic 
voltammetry studies show a single irreversible oxidation at +2.05 V, and six one-
electron reductions corresponding to the six pyridyl rings. 137 
Iridium bis-terpyridine complexes are also luminescent at room temperature. 
The emission spectrum of [Ir(terpY)2]3+ 21 is highly structured, with /...em = 458 nm for 
the highest-energy peak in acetonitrile solution.103 This is assigned to an LC emissive 
state, with a degassed lifetime of 1.2/.ls and a quantum yield of 0.025 at 293 K. 
Emissions from 4'-aryl substituted iridium bis-terpyridine complexes show a systematic 
red-shift and broadening (see Figure 7).103 Although still primarily emission from an LC 
state, it is likely that this is mixed with energetically accessible 3MLCT states. Two one-
electron reduction waves are reported for all complexes, relating to the consecutive 
reduction of each ligand, while oxidation of Ir(III) to Ir(IV) is not observed. 103 The 
interplay between LC and MLCT emissive states is one reason for the investigation of 
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Figure 7. Room-temperature photoluminescence spectra of air-equilibrated 
acetonitrile solutions of [Ir(terpY)2]2+ (solid line) and [Ir(4'-p-tolyl-terpyh]2+ 
(dashed line) (adapted from reference 103). 
When anionic or cyclometalating ligands are present, there is sufficient charge 
compensation to allow oxidation at the metal centre. The energy of metal-to-ligand 
charge transfer (MLCT) states is reduced to below that of the ligand centred (LC) states 
and emission is predominantly 3MLCT in character. 
By far the greatest amount of data for such compounds has been acquired for 
Jac-Ir(ppY)3 26. Early work by Watts et al. reports the photophysical and electro-
chemical characterisation of a number of tris-cyclometalated iridium(lII) complexes 
(see Table 3).114 At room temperature, a broad structureless emission typical of a 
3MLCT emissive state is observed for all derivatives, an assignment confirmed by 
excited-state absorption spectroscopy.140 In degassed toluene solution, Jac-Ir(pPY)3 
exhibits a high luminescence quantum yield of O.4±O.l with a radiative lifetime of about 
5 J.lS. 113 In contrast with neutral donor ligands, oxidation of the metal atom to Ir'v may 
be observed, aided by electron-donating substituents. 
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-f / ~s Aemb / run Eoxd / V VS. SCE 
Ir(ppY)3 1.90 494 +0.77 
Ir( 4-F -PPY)3 2.04 468 +0.97 
Ir( 4-MeO-ppY)3 2.24 481 +0.75 
Ir( 4-Me-ppY)3 1.94 493 +0.70 
Ir( 4-CF 3-PPY)3 2.16 494 +1.08 
Ir( 4-Pr-ppY)3 1.93 496 +0.67 
Ir( 4-tBu-PPY)3 1.97 497 +0.66 
Ir(S-MeO-ppY)3 2.86 539 +0.55 
a Degassed MeCN, 293 K. b Shortest wavelength feature in EtOHlMeOH (1: 1) glass at 77 K 
Table 3. Photophysical and electrochemical data for Jac-Ir(pPYh derivatives. 114 
Electron localisation in the excited state may be considered by two limiting 
cases, 
* IV - * IV -Y) [Ir (PPY)2(PPY)] and [Ir (Ppy )3]. Electroabsorption spectroscopy has 
recently been applied to Jac-Ir(ppY)3, suggesting that the transition dipole moment is 
along the molecular three-fold axis, hence electron density is initially distributed evenly 
amongst the three ppy ligands in the excited state. 141 This is consistent with the results 
of TD-DFT calculations142 (discussed in Section 4.2). It has been shown, however, that 
in [Ru(bpY)3]2+ excitation results in an even distribution of electron density across all 
three ligands, followed by a localisation on a single bpy prior to emission.143 
Energy transfer pathways in photoluminescence of jac-Ir(ppY)3 have been 
studied by transient absorption spectroscopy.144 Femtosecond measurements upon 
excitation at 400 nm CMLCT) and 266 run (LC) allow the time constants for the 
transient species to be determined as, 
LC 'I) IMLCT '2) 3MLCT ('1 = 300-350fs, '2 = 70-100fs) 
The average molecular area in Langmuir-Blodgett monolayer films of jac-
Ir(ppY)3 is 55 A2.145 Maximum emission from such films was at 543 run, resembling the 
spectrum of solid powder samples. Single molecule detection in poly(methyl 
methacrylate) (PMMA) films indicate two sites for !ac-Ir(ppY)3, distinguished by their 
146 147 Th ., . t 't bleaching lifetimes and phosphorescence spectra,' e emISSIon In ensl y was 
found to be highly dependent on the polarisation of the exciting laser. This suggests that 
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a symmetry distortion due to electrostatic interactions with the environment results in 
localisation of the emissive state on a single ppy ligand. 
Relative to their facial isomers, mer-Ir(ppyh 27 and its derivatives are easier to 
oxidise and show a broader red-shifted emission. 121 The broad spectra are indicative of a 
large geometric distortion in the excited state. This may include an increase in length of 
the already long trans Ir-C bonds, consistent with the observation of photolytic cleav-
age and subsequent isomerisation to the facial isomer. Luminescence quantum yields 
are considerably smaller for the meridional isomers, while radiative decay rates are of a 
similar magnitude (see Table 4). The poor efficiency is therefore attributed to large non-
radiative decay rates associated with the photoisomerisation process (<I>iso = 0.067 for 
mer-Ire 46dfppY)3).122 
<l>PL r / IlS kr / 105 s-I knr / 105 s-) 
jac- mer- jac- mer- fac- mer- fac- mer-
Ir(ppY)3 0.40 0.036 1.9 0.15 2.1 2.4 3.2 64 
Ir(tpY)3 0.50 0.051 2.0 0.26 2.5 2.0 2.5 36 
Ir( 46dfppY)3 0.43 0.053 1.6 0.21 2.7 2.5 3.6 45 
Table 4. Photophysical data and decay rates for jac-lmer-Ir(ppY)3 derivatives:21 
For the mono-cyclometalated bmpqpyH 32 complex [Ir(bmpqpyH-NI\NI\N) 
(bmpqpy-NANAC)]2+, no oxidation of the metal was observed up to +2.00 V VS. SCE:29 
In contrast, the bis-cyclometalated complex [Ir(bmpqpy-NANAC)2t shows an oxidation 
at + 1.40 V vs. SCE, continuing the general decrease in oxidation potential with 
increasing number of cyclometalating atoms. Emission is from 3MLCT states in each 
case (Ir~(bmpqpyH-NANAN) and Ir~(bmpqpy-NANAC) respectively). Room temp-
erature luminescence quantum yields in degassed acetonitrile solution are relatively 
small (mono-cyclometalated complex, Amax = 620 nm, <l>PL = 0.005; bis-cyc1ometalated 
complex, Amax = 630 nm, <l>PL = 0.066), although it was suggested that an upper-lying 
excited state may contribute to deactivation of the mono-cyclometalated complex. 
In contrast to jac-Ir(ppY)3, jac-Ir(thpY)3 30 shows a structured emission from a 
ligand-centred (LC) 1t-1t * transition. 116 This is a result of the lowered 1t-1t * energy 
(564 nm1l6) with respect to ppy (460 nmI48), bringing it below that of the 3MLCT state. 
Metal-ligand vibrations are observed in the narrowed luminescence spectrum of fac-
Ir(thpY)3 doped into jac-Ir(ppY)3, suggesting that there is significant mixing with c1ose-
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lying MLCT states. A number of fac-Ir(thpY)3 derivatives have been investigated 
recently for OLED applications. 149 Increasing conjugation, electron donating methyl 
groups on the thienyl, and electron withdrawing trifluoromethyl groups on the pyridyl, 
all result in a red-shift of emission. Photoluminescence quantum yields however were 
low, and incorporation into electroluminescent devices was not attempted. 
The electrochemical properties of [Ir(ppy )2(bpy) t 28 are between those of 
Ir(ppY)3 and [Ir(bpY)3]3+.123 Oxidation of the metal centre (1.26 V vs. SCE) is aided with 
respect to [Ir(bpY)3]3+, while reduction is more difficult. Emission spectroscopy shows 
evidence of two components O.max = 520 nm and 550 nm)123,150 which, although of a 
similar lifetime, may be resolved by selective excitation of the lowest energy state with 
a tunable laser. 151 The transitions are assigned to unequilibrated MLCT states, with the 
lower energy component based on the bpy ligand and the higher energy component on 
the ppy. These conclusions are consistent with excited state absorption measurements 140 
and the solvent dependence of emission. 152 It was suggested that since electronic 
coupling between the two states is likely to be high, a large viscosity-dependent Franck-
Condon barrier is present, consistent with a large red-shift at 77 K. 
In contrast, emission from [Ir(pPY)2(HAT)t 29 is mono-exponential at room 
temperature (Amax > 770 ns, r < 10 ns), while at 77 K dual-emission is again observed.
124 
In this case, the two components are assigned to MLCT and sigma-bond-to-ligand 
charge transfer (SBLCT) states with lifetimes of ~ 1.5 J.lS and 3 J.lS respectively. 
Solutions of Ir(ppY)2(acac) exhibit green photoluminescence (Amax = 516 nm) 
with a quantum yield of 0.34 in 2-MeTHF .115 Whilst substitution of 2-phenylpyridine 
with other CAN binding ligands allows the tuning of emission from 512 nm to 
612 nm,115,127 changing the acac ligand results in a relatively minor shift. A study of the 
Ir(pbt)2(acac) complex 31 reported the effect of simple modifications to the phenyl-ring 
of the 2-phenylbenzthiazole (pbtH) ligand.128 Fluorination at the 4-position results in a 
blue-shift of 16 nm but little increase in emission intensity, while fluorination at the 3-
position achieves a small red-shift and a tripling of photoluminescence quantum yield 
relative to the parent compound. 
The trans-bis-cyclometalated [Ir(terpy)(dppy)t derivative 34 shows a reversible 
one-electron oxidation at +1.08 V vs. SCE,135 slightly lower than that of other bis-
cyclometalated complexes.123 ,129 This is attributed to the enforced trans geometry of the 
cyclometalating carbon atoms (comparable with mer_Ir(ppY)3 121). A one-electron 
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reduction of the terpyridine ligand is reported at -1.27 V vs. SCE, significantly more 
negative than that of iridium(III) bis(4'-(P-tolyl)-2:2',6':2"-terpyridine) (-0.81 V 
vs. SCE 103). 
The room-temperature emISSIOn spectrum of 34 shows a broad emISSIon 
(Amax = 690 nm) assigned as MLCT with substantial dppy~terpy ligand-to-ligand 
charge transfer (LLCT) character. 135 Its structureless nature is analogous to that for mer-
Ir(ppY)3,121 and is due to a large geometric distortion in the excited-state. It is signif-
icantly red-shifted with respect to bis-terpyridine complexes103 since the HOMO is 
destabilised upon cyc1ometalation. The emission is relatively weak and the lifetime in 
degassed acetonitrile solution quite long (<I>PL = 0.032, r = 1.7 Jls) implying a low 
radiative rate constant (kr = 1.9 x 104 s -1). 
1.2.3 Electroluminescence of iridium(lII) complexes 
Whilst the first phosphorescent electroluminescent devices utilised platinum 
complexes as triplet harvesters90,91,93 (see Section 1.1.6), the long triplet lifetimes 
(> 1 0 JlS for PtOEP)90 limit efficiency due to saturation and triplet-triplet annihilation at 
high current. More favourable are the relatively short triplet lifetimes (~1 Jls) of 
iridium(III) complexes. The first example of a device incorporating such a complex was 
reported in 1999 for Jac-Ir(ppY)3 26. Although efficiencies were limited to ~0.80/0 as a 
homogeneous film, efficient green emission is observed when doped into a low 
molecular weight host (Amax = Sl 0 nm, llpow(max) = 311m W-1, llpow = 191m W- I at 
100 cd m -2).153 A peak external EL quantum efficiency of 8% corresponds to an internal 
EL quantum efficiency of 40%, well above the statistical 2S% threshold expected from 
purely fluorescent emitters. 
Optimisation of device structure led only a year later to a Jac-Ir(ppY)3 doped 
OLED with an external EL quantum efficiency of lS.4±0.2% and power efficiency of 
40±2 1m W-1. 154 This is a doubling of the internal EL quantum efficiency to 800/0, close 
to the 100% limit. Although greater than the photoluminescence efficiency (~40% 113), 
this was rationalised by the direct generation of triplet states in electro luminescence. By 
careful choice of materials, aJac-Ir(ppY)3-doped transparent OLED has been developed. 
emitting light from both sides of the device. I55 
The use of a polymeric host was reported in 2000, with a device incorporating a 
Jac-Ir(ppY)3 doped poly(vinylcarbazole) (PVK) emitting layer. 156 The maximum ext-
ernal EL quantum efficiency of 1.9% and peak luminance of 2 SOO cd m -2 is less 
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efficient than devices based on low molecular weight emitters, but a significant 
improvement over the undoped device. By use of a multilayer (ITOIPVK:PBDjac-
Ir(ppY)3/TPBIIAlq3/Mg:Ag) device, efficiencies were raised to 8.5%.157 Doping into a 
hole- and electron-transporting aromatic polyimide host also achieved an improved 
external EL quantum efficiency of ~ 7%.158 
Phosphorescent emitters are generally doped in relatively low quantities, since at 
higher concentrations self-quenching effects become important and efficiency drops. By 
the incorporation of sterically hindering substituents, the pinene derivative jac-
Ir(mppY)3 35 has an increased photoluminescence quantum yield in solution of 0.71. 159 
When incorporated into electroluminescent devices, much higher doping levels can be 
achieved without a decrease in luminescence (e.g. llext = 10.20/0 at 26% by weight). 
Introduction of tert-butyl groups, although not found to significantly decrease 
self-quenching effects, improve device performance by enhancing the interaction 
between dopant and polymeric host. An external EL quantum efficiency of 5.1 % is 
reported upon doping jac-tris(2-( 4-tert-butylphenyl)pyridine) iridium(III) (jac-
IrCBu-ppY)3) 36 into a PPP-based host. 160 Incorporation of long alkyl and alkoxy chains 
(complexes 37 and 38) result in a blue-shift to 495 run, but a simultaneous decrease in 
efficiency with respect tojac-Ir(ppY)3. 161 
jac-Ir(mppY)3 35 
28 
Chapter 1 - Introduction 
R fac-IrCBu-ppY)3 +( 36 R= 
R fac- Ir( C 1 OH21 0-PPY)3 lo~ 37 R= 
fac-Ir( C 1 OH21 -PPY)3 R= Y 38 
R 
Fine tuning of the HOMO and 3MLCT states can be achieved by methyl 
substitution at the 3-position of the pyridyl ring. This induces a slight twisting between 
the phenyl and pyridyl rings, reducing the extent of delocalisation. An OLED with 2% 
fac-tris(3-methyl-2-phenylpyridine)iridium(III) (fac-Ir(Me-ppY)3) 39 doped into a PVK 
matrix exhibited a reasonable external EL quantum efficiency of 4.5% and peak 
luminance of 25 000 cd m -2 :62 Increased delocalisation has been achieved by extension 
of the aromatic rings in Ir(phq)3 40, resulting in red-shifted emission (f..max = 589 nm).119 
fac-Ir(Me-ppY)3 39 fac- Ir(phq)3 40 
A number of fluorinated derivatives of fac- Ir(ppY)3 show great promise as 
emitters for electroluminescent devices. 1 17,163 Fluorination reduces the rate of radiation-
less deactivation, improves sublimability, minimises self-quenching and enhances 
electron mobility. The charge transport and self-quenching properties are improved to 
the extent that efficient devices may be fabricated without requiring doping into a 
charge-transporting matrix. 
Homogeneous films of iridium complexes have also been reported for fluorene-
modified fac-Ir(ppY)3 derivatives. 164 Due to the increased bulk, solid state photo-
luminescence quantum yields of 0.11±0.0 1 are achieved for the most heavily substituted 
derivative 41. The complexes were amorphous, hence able to be spin-coated, and 
fluorene groups improve charge-transport. Devices without a host material were 
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successfully fabricated, albeit with poor efficiencies. 164 Fluorene-derivatised iridium 
complexes doped into polymer matrices have been more successful,165 with exciton 
formation reported to result from charge-trapping rather than energy transfer. 166,167 
41 
In addition to Jac-Ir(ppY)3, much research has focused on the use of 
Ir(ppY)2(acac) as an electrophosphorescent emitter. When incorporated into a wide 
energy-gap 3-phenyl-4-(l'-naphthyl)-5-phenyl-l,2,4-triazole (T AZ) host, a maximum 
external EL quantum efficiency of 19± 1 % was reported. 168 This corresponds to an 
internal EL quantum efficiency of 87± 7%, one of the highest achieved for any 
electroluminescent device. 
A number of Ir(CA N)2(acac) derivatives have been doped into both low 
molecular weight (4,4'-N,N'-dicarbazolebiphenyl (CBP))127 and polymeric (poly(vinyl-
carbazole) (pVK))169 hosts (see Table 5). By substitution of the ligand, the colour may 
be progressively tuned from green to red. By altering the nature and position of 
substituents on the 2-phenylbenzothiazole (pbt) fragment of Ir(pbth(acac), finer tuning 
of the emission properties can be achieved. 128 An enhancement of red emission to 
l1ext = 3.5±0.1 % has been accomplished by doubly doping a PVK host with an 
Ir(btp h( acac) emitter and an Ir(ppY)3 sensitiser. 170 
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Dopanta Host Ref. Amax / run Peak llext / % 
Ir(ppY)2(acac) CBpd 127 525 12.3 ± 0.3 
Ir(ppY)2 (acac ) PVKc 169 516 3.4 ± 0.2 
Ir(bzq)2( acac) PVKc 169 548 1.9 ± 0.1 
Ir(pbt)2(acac) CBpd 127 565 9.7b 
Ir(p bt )2 ( acac ) PVKc 169 557 1.6 ± 0.2 
Ir(bsn)2( acac) PVKc 169 606 0.7 ± 0.1 
Ir(btp )2( acac) CBpd 127 617 6.6 
Ir(btp )2( acac) PVKc 169 612 0.4 ± 0.1 
aStructures of ligands are shown in Figure 8. bExtemal EL quantum efficiency at 1 rnA cm -2. 
cITO/PVK:PBD:dopantiMg:Agl Ag. dITOla-NPD/CBP:dopantIBCPI Alq3/Mg:Agl Ag. 









bsnH btpH acacH 
Figure 8. Structures of ligands referred to in Table 5. 
Pentafluorophenyl-substituted Ir(C"N)2(acac) complexes have also been 
investigated as dopants in electroluminescent devices. I71 The bulky pentafluorophenyl 
groups reduce self-quenching resulting in high external EL efficiencies (11-170/0). In 
addition, a wide gamut of colour is available by altering the position of the substituent 
(513-578 run), with a blue-shift observed upon placing the electron withdrawing 
substituent para to the cyclometalating carbon atom. 
Recently iridium(III) bis(1-phenylisoquinolinato-N,C2) acetylacetonate (Ir(piq)2 
(acac)) 42 and its derivatives have received some attention as dopants for poly-
meric 172,173 and low molecular weight174 OLEDs. When incorporated into a polymeric 
PVK host, saturated red emission (CIE coordinates of x = 0.67, Y = 0.33) was achieved 
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with llext = 12%, and with high efficiency retained at a luminance of 4322 cd m-2 
(llext = 9.7%).172 
Ir(piq)2( acac) 42 
The picolinate complex Ir( 46dfppy h(pic) 43 is of particular note due to its high-
efficiency blue emission. Incorporation of fluorine results in a blue-shift of ~40 nm, 
with the introduction of picolinate contributing a further ~20 nm. 175 When doped into a 
CBP host, a maximum luminance of 6400 cd m -2 was achieved, with a maximum 
external EL quantum efficiency of 5.7±0.3%. 
F 
F 
Ir( 46dfppy h(Pic) 43 
Dendritic architectures promise improved solubility, the ability to spin-coat 
homogeneous films, and a reduction in self quenching. They also provide the ability to 
selectively tune physical and electronic properties, determined by the surface groups 
and core respectively. Photoluminescence studies of thin films of Jac-Ir(ppY)3-cored 
dendrimers show a steady increase in PL quantum yield with increasing generation, 
I . h d· . d h·ft . hi· d· 176177 A a ong WIt a re uctlOn In re -s I Wit respect to so utIon stu les.' n approx-
imately ten fold improvement is observed in electroluminescence quantum efficiency 
between Jac-Ir(pPY)3, and iridium(III)-cored dendrimer OLEDs. 178 By mixing with 
32 
Chapter 1 - Introduction 
. bl h . I .. d 179 sUlta e c arge-transport matena s, 11 ext IS raIse to 10.4%. High efficiency red 
emission has also been demonstrated from Ir(btp)3 cored-dendrimers. 180 
Alternatively, iridium(III) complexes may be attached as pendent groups to a 
polymeric backbone (ef Section 1.1.4.3). A series of Ir(CI\N)2(XI\O) analogues have 
been attached along with hole-transporting carbazole groups to a non-conjugated poly-
mer. An electroluminescent device with an electron-transporter doped layer of such 
polymers exhibited red, green and blue emission with reasonable efficiency (see Table 
6).181 Ir(btp)2(acac) has also been attached to a polyfluorene backbone, with a peak 
external EL quantum efficiency of 1.59%.182 
Colour XI\O 
Red 2-Benzothiophen-2-yl-pyridine Acetylacetonate 
Green 2-Pheny lpyridine Acety lacetonate 
Blue 2-( 4,6-Difluorophenyl)pyridine Pyridine-2-carboxylate 







Table 6. Characteristics of devices fabricated from polymer-bound Ir complexes.I81 
White emission has been achieved by either double- 183 or triple-doping 170 a 
polymer with suitable iridium complexes, reaching external EL efficiencies at 
100 cd m -2 of 2.1 % and 4.9% respectively. A similar approach utilising polymer-bound 
iridium complexes has been reported, with CIE coordinates of (x = 0.34, Y = 0.36) and 
an external EL quantum efficiency of 4.5%.181 
Iridium(III) complexes may also be used as phosphorescent sensitizers for other 
dyes. Efficient intersystem crossing allows transfer of both singlet and triplet excitons 
from a host to a fluorescent dye via the additional sensitising dopant (see Figure 9). In a 
4,4'-N,N'-dicarbazole-biphenyl (CBP) host doped in separate layers with !ae-Ir(ppY)3 
and DCM2 18, emission from the fluorescent dye with a peak efficiency of 3.3±0.1 % 
was achieved, significantly higher than the best such devices without a phosphorescent 
sensitizer. 184 Similar improvements were observed for a polymeric host doped with 
Ir(ppY)2(acac) and a Nile Red emitter in a single layer. 185 
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Figure 9. Phosphorescent sensitizers to improve efficiency. 
Although charge-neutral dopant molecules have attracted most attention, 
charged transition metal complexes have also been considered for OLED applications, 
and formed the subject of a recent review. 186 Although high efficiencies may be attained 
for single-layer homogeneous films, long tum on times (seconds to several minutes) and 
poor device stability hinder their application. The first use of a transition metal 
incorporated a substituted phenanthroline complex of ruthenium(II), 187 but [Ru(bpY)3f+ 
derivatives have led most research. 188 Iridium-based systems to date have been based on 
[Ir(ppy )2(bpy) t, either as a homogeneous film 189 or doped into a polymeric host. 190 
1.3 Lanthanide(lIl) complexes and their use in electro-
luminescent devices 
1.3.1 The lanthanide series 
The lanthanide series96 comprises the fourteen elements from cerium (Ce) to 
lutetium (Lu), with lanthanum (La) also often included. Although frequently referred to 
(along with yttrium) as the "rare-earth elements", most are not particularly rare, with 
cerium accounting for 66 ppm of the earth's crust, and the twenty-sixth most abundant 
of all elements. 
The electronic configurations of the lanthanide series are [Xe]4fSd06s2, with a 
small number of exceptions (Ce, [Xe]4fISdI6s2; Gd, [Xe]4eSdI6s2; Lu, [Xe]4fI4SdI6s2). 
Their chemistry is dominated by the +3 oxidation state, from Ce3+ ([Xe]4fl) to Lu3+ 
([Xe ]4fI4). Since 4f orbitals are poor at shielding electrons from the nuclear charge, a 
regular decrease in ionic radii is observed across the series, termed the "lanthanide 
contraction" (see Figure 10). 
'"'4 -~ 
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Figure 10. Variation in radii of the Ln2+ (T), Ln3+ (0) and Ln4+ (e) ions across 
the lanthanide series (La3+ is included for completeness). 
Due to unpaired electrons, the ions Ce3+ through to Yb3+ are paramagnetic. 
Unlike transition metals, the unpaired 4f electrons are localised deep in the core of 
lanthanide ions, effectively shielded from their chemical environment. The magnetic 
properties of lanthanide (III) ions (in particular Eu3+ and Yb3+) often result in large shifts 
of NMR resonances leading to their application as NMR shift reagents. 191 For 
gadolinium(III) there is no shifting of NMR resonances, however enhanced relaxation 
rates make the complexes effective as magnetic resonance imaging (MRI) contrast 
agents.191-193 
1.3.2 Photophysical properties of the lanthanide(lII) ions 
The excited states of lanthanide(III) ions are best represented by the term 
symbols determined by the Russell-Saunders coupling scheme. Absorption of light may 
promote a lanthanide ion into any energetically excited state, however this is generally 
followed by rapid internal conversion to the lowest lying J state of the first excited 
spectroscopic term. Emission may then occur to any of the J states of the ground 
spectroscopic term, resulting in a series of bands. For example, emission spectra of 
europium complexes arise by transitions from the 5Do excited state to the 7F4, 7F3 . 7F2, 
7F I and 7F 0 levels of the ground manifold. These transitions give rise to the character-
istic red luminescence of europium(III), with the highest energy 5Do~ 7F 0 transition at 
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579 nm, and the most intense being the ~J = 1 or ~J = 2 bands around 590 and 615 run 
respectively (see Figure 11). 
~J = 2 
~J = 4 
~J = 1 
~J = 3 
550 600 650 700 750 











Figure 11. Typical Eu3+ luminescence spectrum. Also shown are the 
transitions responsible for the labelled bands. 
Since the highly contracted, "core-like" 4f orbitals are insensitive to their 
surroundings, ligand-field splittings are small (~1 00 cm -I). Emission wavelengths are 
therefore virtually independent of the coordination environment, and resemble those of 
the ions in the gas phase. In addition, the bands are sharp since the energies of states are 
not substantially affected by molecular vibrations. This means that the formally Laporte 
forbidden f~f transitions are very weak (£ < 1 mol- I dm3 cm -I) and low transition 
probabilities for emission result in long natural lifetimes. This is in contrast to transition 
metal complexes, where mixing with asymmetric ligand vibrations partially allow d~d 
transitions, and absorptions are significantly more intense. 
Although small, ligand-field effects cannot be ignored completely, and fine 
structure (of the order of 100 cm-I) can be observed in some bands of Ln3+ spectra. 
Changes in fine structure may sometimes be informative, and have been used to 
determine HC03 - concentrations. 194 While the ~J = 1 band of europium(III) is magnetic 
dipole allowed, the ~J = 2 band is an electric dipole transition and significantly more 
sensitive to the environment. Hence the ratio of the integrated intensities of these two 
b d ·d· fi . h d·· t fth I 195,196 an s provi es In ormatIOn on t e coor InatIOn geome ry 0 e comp ex. 
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Although phosphorescence from the excited states of lanthanide ions is efficient , 
their direct population by absorption of light is hindered by the complex's very weak 
absorbance spectrum. Intense light sources are required, and direct excitation may be 
achieved with a laser source. Alternatively, a strongly absorbing chromophore capable 
of transferring its excitation energy to the lanthanide ion may be used, a process termed 





Figure 12. Sensitised emission of lanthanide(III) complexes. 
For efficient sensitised emission, it is important to consider the steps involved 
from excitation of the antenna group to emission from the lanthanide ion (summarised 
in Figure 13). To maximise emission intensity, a number of criteria must be met. The 
sensitising chromophore must absorb strongly, followed by efficient intersystem 
crossing to a triplet state approximately 1700 cm -1 higher in energy than the lanthanide 
emissive state. If this energy gap is much smaller, back energy transfer (kSET) will 
compete with emission (kern, determined by the lanthanide ion). Minimisation of the 
distance between chromophore and lanthanide ion will further benefit emission by 
increasing the efficiency of intramolecular energy transfer (kET' typically 105-107 S - I for 
distances of ~5A 198). Any sources of quenching must also be suppressed especially 
deactivation by vibrational energy transfer to energy-matched XH oscillators 
(kqll[XHD.199 In general, the efficiency of sensitised luminescence (<Dem) can be 
represented by equation 8, where <Do is the quantum yield of formation of the antenna 
state, llet is the efficiency of energy transfer to the lanthanide, and k
O 
and lobs are the 
radiative rate constant and observed lifetime respectively.2oo 
(8) 
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sens-Ln sens-Ln 
k'E~'[XHl 
Figure 13. Kinetic scheme of sensitised emission from lanthanide complexes 
(adapted from reference 201). 
Although large energy gaps between emissive and ground states of EuH , Gd3+ 
and TbH reduce the effect of vibrational quenching/02-204 directly coordinated water 
molecules are to be avoided. Since the efficiency of vibrational quenching is lessened 
for D20 with respect to H20 (by a factor of ~200 times205), comparison of radiative rate 
constants in each of these solvents allows the estimation of the solution hydration state, 
q. First demonstrated in 1979,206 Horrocks and Sudnick later proposed equations 9 and 
10 for europium(III) and terbium(III) respectively, where T is measured in ms.207 Parker 
et al. extended this concept by the introduction of correction terms for outer-sphere 
water molecules. 199 For europium(III) they also introduced terms for any oxygen-bound 
amide NH groups (equations 11 and 12, where x is the number of oxygen-bound amide 
NH groups). 
Eu OS( -1 -1) q = 1. T' H zO - T'DzO (9) 
Tb (-1 -1) q = 4.2 T' HzO - T'DzO (10) 
(11 ) 
(12) 
1.3.3 Coordination and complexation properties of the lanthanide(lII) 
ions 
Due to the contracted nature of the lanthanide 4f orbitals, covalent bonding 
character is very rare, with the charge-dense metal ions favouring electrostatic inter-
actions. Typical hard metal behaviour is observed, with a preference for anionic donors 
such as carboxylates and phosphates, as well as polarisable neutral donors such as 
amines and amide oxygens. Since bonding is electrostatic in nature, coordination 
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geometries are poorly directional and determined by steric factors. Along with the large 
ionic radii this results in high coordination numbers, typically eight or nine. 
Dissolution of lanthanide(III) salts in water generally leads to the nme-
coordinate lanthanide aqua ions [Ln(H20)9]3+.96,2oo The high thermodynamic stabilities 
of such aquated species result in dissociation of many lanthanide complexes in aqueous 
solution. Design of water stable complexes requires multidentate charged ligands; for 
example acetylacetone (acacH) forms a tris-complex with lanthanide(III) ions. More 
thermodynamically stable complexes may be formed with polydentate ligands such as 
ethylenediaminetetraacetic acid (EDT A) 44 (K ~ 1017). Relevant features include five-
membered chelate rings, hexadentate binding and a large negative charge. In addition, 
the loss of water molecules results in a high entropic contribution to stability. Although 
stable thermodynamically, such complexes are not kinetically stable, with rapid ligand 
exchange occurring in aqueous solution. 
EDTA44 
1.3.3.1 Europium complexes with macrocyclic ligands 
F or high thermodynamic and kinetic stabilities more rigid ligands are preferable, 
in particular macrocycIic ligands?OO,201,208 For example 1,4,7,10-tetraazacyclododecane-
1,4,7,1 O-tetra( acetic acid) (DOTA) 45 forms highly stable complexes with 
lanthanide(III) ions (K ~ 1028 for europium(IIIio9). 
DOTA45 
Lanthanide complexes of DOT A may adopt four geometries; all with a square 
[3333] ring conformation, and differentiated by their NCCO (111 A) and NCCN (8/')..) 
torsion angles. This results in two enantiomeric pairs; the square-antiprismatic (SAP) 
geometry (A(8888) and 11(').)\). .. ')..)) with an N4/04 twist angle of 40°, and the twisted 
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square-antiprismatic (TSAP) geometry (i1(oooo) and A('A'A'A'A)) with an N4/0 4 twist angle 
of 29°. For the larger lanthanides (La3+-Nd3l TSAP is preferred, with SAP favoured for 
. (S 3+ E 3+) 210,211 I l' . 
smaller IOns m - r. n so utlOn these four forms are In dynamic equilibrium 
via ring inversion (0000 ~ 'A'A'A'A) and arm rotation (i1 ~ A) (see Scheme 1). 
Computational studies of these processes suggest that although arm rotation is a 
concerted process, ring inversion involves a stepwise rotation of the four ethylene 
groups? 12 The rate of ring inversion is relatively slow (~50 s -I at 298 K), while arm 
rotation is significantly faster?10,213 Both ring inversion214 and arm rotation215-217 may be 











:::::;;r== ~'" A(AAAA) 
TSAP 
Scheme 1. Interconversion pathways for lanthanide DOTA complexes in solution. 
Lanthanide DOT A complexes crystallise in any of the four stereoisomeric 
conformations dependent on the size of the lanthanide ion?18 The most common solid-
state structure is the regular square antiprismatic conformation, and is the geometry 
observed for Na[Eu(DOTA)(H20)]-4H20 (see Figure 14).219 The N4 and 0 4 planes are 
parallel to each other, with a twist angle dependent on the geometry type. The metal ion 
does not occupy the centre of the polyhedron, but is shifted towards the 0 4 face. 
219 C' d Figure 14. Crystal structure of Na[Eu(DOTA)(H20 ))·4H20 . atIOn an 
water of crystallisation omitted for clarity. 
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For most luminescent applications,22o a sensitising group (see Section 1.3.2) 
must be attached to the macrocyc1ic ligand. 1,4,7,10-Tetraazacyc1ododecane-1,4,7-
tris(acetic acid) (D03A) 46 is ideal for this purpose since its complexes show a high 
stability,221 with a secondary nitrogen capable of being alkylated with a sensitising 
chromophore. 
Energy transfer to coordinated lanthanides has been investigated for complex 47 
by tuning the triplet energy of the substituent (X = H, 25 300 cm -I in H20; X = OMe, 
21 000 cm-I in H20; X = NMe2, 20000 cm-1 in H20).222 The improved correlation of 
donor triplet energy with europium(III) levels (ECDo) = 17300 cm- I , 
ECD1) = 19 000 cm-I) upon methoxy-substitution results in an increase in energy 
transfer efficiency. By comparing the shapes of sensitised emission spectra, a systematic 
increase in relative intensity of the hypersensitive ~J = 2 band occurs in the series 
X = H, OMe, NMe2, rationalised by the increasing Ar=C-O- character of the 
acetophenone carbonyl group. 
x 
D03A46 47 
In complex 48, the phenanthroline moiety is found to bind to europium through 
both nitrogen atoms, with no inner-sphere water molecules.223 ,224 It exhibits a high 
photoluminescence quantum yield for sensitised emission of 0.21. The tetraazatri-
phenylene derivatised complex 49 shows similar strong luminescence, and has been 
investigated as a probe for DNA.225 
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48 49 
Another attempt to eliminate inner-sphere water molecules, complex 50 exhibits 
a photoluminescence quantum yield of 0.06 and a q value of 0.21, consistent with the 
exclusion of all inner-sphere water molecules.226 The rate constants for non-radiative 
processes were more than double those of a more remote 8-hydroxyquinoline derivative, 
despite a significantly greater quantum yield. This apparent anomaly was attributed to 
an improved efficiency of energy transfer from the sensitising chromophore. 
50 
An alternative to pendent sensitising-chromophores is to integrate this group 
directly into the macrocyclic ring. This has been reported for the europium complex of 
3,6,9, 1 5-tetraazabicyclo[9.3. 1 ]pentadeca-I (15), 11, 13-triene-3,6,9-triacetic acid 
(lllPyI2N4) 51.227 This exhibits a photoluminescence quantum yield of only 0.029, 
most likely due to the presence of two bound water molecules. 
11 IPy12N4 51 
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1.3.4 Electroluminescence of lanthanide complexes 
Much work has been reported on the application of lanthanide complexes as 
emitters in electroluminescent devices, the subject of some recent review artic1es.228,229 
Early studies utilised terbium(IIIi30 and europium(III)231 complexes for their sharp 
green and red emission respectively. Later work with thulium(III) produced a blue 
emitting OLED/32 difficult to achieve with most phosphorescent dyes. Although 
initially chosen for their sharp emission spectra (FWHM < 5 nm), lanthanide complexes 
exhibit phosphorescence, and potentially allow 100% internal EL quantum efficiency 
(see Section 1.1.6). Also, since emission from lanthanide(III) ions is virtually 
independent of the nature of the ligands, structural modifications may be used to tune 
physical properties with little or no change in emission colour. 
1.3.4.1 Visible electroluminescence of Eu3+ and Tb3+ complexes 
The first OLED incorporating an organolanthanide emitter was demonstrated in 
1990 for a homogeneous layer of terbium(III) tris-(acetylacetonate) (Tb(acac)3) 52?30 
Bright green emission peaking at 544 nm was observed from the 5D4---+ 7F 5 transition of 
the Tb3+ ion (see Figure 15). A year later, the same group reported electroluminescence 
from a europium(III) tris-(thenoyltrifluoroacetonate)3 (Eu(TTF A)3) 53 doped poly 
(methylphenylsilane) film?31 Red emission was observed with a tum-on voltage of 










550 600 650 
Wavelength I nm 
Figure 15. Electroluminescence spectrum of a ITOffPDffb( acac hI AI device 
230) (adapted from reference . 




Tb( acac)3 52 Eu(TTFA)3 53 
Whilst a large volume of work has been published on europium(III) and 
terbium(III) emitters, there is very little variation in ligand structure. The generic 
Ln(phen)( acac)3 structure 54 is by far the most common, with the 1,1 O-phenanthroline 
(phen) ligand saturating the coordination number of the lanthanide ion, improving the 
fluorescence intensity, volatility and stability. One of the first such devices, ITO/TPDI 
Eu(phen)(DBM)3 55:PBDI Alq3/Mg:Ag, resulted in a maximum luminance of 
460 cd m -2 (Amax = 614 nm), a greater than 103 fold improvement over 53.233 
3 
Generic Ln(phen)( acac)3 structure 54 Eu(phen)(DBM)3 55 
Tuning of carrier transport properties,234 isolation of the emitting region from the 
cathode,235 optimisation of device structure236 and use of a Tb(phen)(acac)3 sensitiser237 
have all resulted in improved emission efficiencies from europium(III). An external EL 
quantum efficiency of 4.6% has been achieved, although only at low current densities 
(0.01 rnA cm-2).236 Pure layers of Tb(phen)(acac)3 have also been investigated,238,239 
with a maximum luminance of 21 0 cd m -2 ?39 The improved carrier transport properties 
of Tb(bath)(acac)3 result in a luminance of 77 cd m -2, compared to 30 cd m -2 for 
Tb(phen)( acac)3 under the same conditions?40 
Thenoyltrifluoroacetonate (TTFA) is a popular alternative to acac. and 
d I · of 10 cd m -2 in homogeneous films of Eu(phen)(TTF A)3 56 achieve a ummance 
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optimised devices.
241 
Microcavity designs with sublimed layers of Eu(phen)(TTF A)J 
56242 and Eu(bath)(TTF A)3 57243 result in highly directional, monochromatic emission 
at 617 nm, but poor brightness (-30 cd m -2). Much improved performance has been 
obtained by doping Eu(phen)(TTF A)3 into low molecular weight244 and polymeric245 
hosts. Further enhancements have been reported upon introduction of methyl groups in 
Eu(Tmphen)(TTFA)3 58 (llIum = 800 cd m-2, llext = 4.3%).246 Recently it has been shown 
that co-doping this with the fluorescent dye DCJTB results in a maximum luminance as 
high as 2450 cd m-2.247 
R=H, Eu(phen)(TTFA)3 56 
R=Ph, Eu(bath) (TTF A)3 57 Eu(Tmphen) (TTF A)3 58 
3 
A photo excited film of Eu(phen)(acac)3-doped cyano-substituted PPP results in 
solely polymer emission, since there is no overlap between polymer emission and 
europium complex absorption spectra.248 The red-shifted absorption of (Eu(phen) 
(DNM)3) 59 results in sufficient overlap, and emission is solely from the dopant. A 
similar improvement in electro luminescence efficiencies is however attributed to 
efficient trapping of charge carriers. A progressive increase in brightness was observed 
with extended conjugation in the series: Eu(phen) (TTF A)3 (500 cd m -2) 56,244 
Eu(Pyphen)(TTFA)3 60 (1309 cd m-2)249 and Eu(DPPz)(TTFA)3 61 (1670 cd m-2).250 
Eu(BDpz)(TTF A)3 62 however exhibited incomplete energy transfer with predomin-
antly ligand-centred emission.249 
Covalent attachment of a hole-transporting carbazole group, either N-bound 
(Eu(CPIP)(DBM)3 63)251 or connected at the 4-position (Eu(phencarz)(DBM)3 
64),252,253 allows the fabrication of pure films of europium complex with brightnesses of 
~ 1500 cd m -2. The results attainable by this approach are exemplified by the improve-
ment in brightness with increasing hole-transport ability in the phenyl (R = Ph. 
42 cd m-2)254, dimethylphenylamine (R = C6H4NMe2, 230 cd m-2)255 and triphenylamine 
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HPQ:N ~ 0- I 
H n N 
CF3 
3 
n=O , Eu(Pyphen) (TTF A)3 60 
n=1 , Eu(DPPz)(TTFA)3 61 





Use of the bidentate 2-(2-pyridyl)benzimidazole (PBM) ligand 65 in pure films 
of Eu(PBM)(DBM)/57 and Eu(PBM)(TTFA)3258 results in poor performance, however 
ethyl substitution (Et-PBM 66) increases the brightness to 180 cd m-2 and 36.6 cd m-2 
respectively. Substantial further improvements were gained by appending a hole-
transp'orting oxadiazole group (OXD-PBM 67) in a simple double-layer device 
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Although pure films of Eu(TPPO)(DBM)/60 and Eu(TTPO)2(TTFA)/61 
(TPPO = triphenylphosphine oxide) have been discussed, little quantitative 
electro luminescence data was reported. When a 1:9 mixture of Eu(TPPO)2(TTF A)2 and 
Gd(TPPO)2(TTF A)2 was doped into a polymeric host, red emission (CIE: x = 0.55, 
Y = 0.36) was observed at 300 K, but a temperature dependence of energy transfer 
resulted in green-white emission (CIE: x = 0.35, Y = 0.49) at 77 K.262 Pure films of 
(Tb(TPPO)2(PMIP)3) 68 reach 920 cd m -2 at a drive voltage of 18 V, although hole-
transport dominates?63 Balanced charge injection in (Tb(TPPO)(eb-PMP)3) 69 results in 







R=Me, n=2, Tb(TPPO)2(PMIP)3 68 
R=Et, n=l, Tb(TPPO)(eb-PMP)3 69 
Of significant note is the incorporation of europium complexes into side chains 
of conjugated polymers.265 Alternatively, non-conjugated polymers have been function-
ali sed with hole transporting carbazole groups and europium(III) emitters.266 More 
recently, a non-conjugated polymer has been reported with pendent electron-
transporting, hole-transporting and terbium(III) emitter groups.267 Although red and 
green electroluminescence was observed respectively, the brightnesses were poor. 
1.3.4.2 Electroluminescence from other lanthanide complexes 
Although europium(III) and terbium(III) are the most common organolanthanide 
electrophosphorescent emitters, orange emission has been observed from complexes of 
europium(II)/68 samarium(III)/69 ytterbium(III)270 and erbium(III),271 with yellow 
emission from neodymium(III)?72 Much sought after blue emission has been reported 
from electroluminescent devices of thulium(III) complexes,232 with lutetium(III) 
achieving a luminance of 1010 cd m-2 from exciplex formation with a diamine hole-
transport materia1.273 
Of interest for optical fibre communication, biomedical, sensor and defence 
applications are infrared and near-infrared emission, realized for devices containing 
neodymi um(III), 274-276 holmi um(III), 277,278 erbium(III),276,277,279,280 thuli um(III)277.279 and 
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b· (111)276,277,281,282 I Th f' ytter Ium comp exes. ese are 0 partIcular note from a structural 
standpoint, since many have deviated from the simple Ln(phen)(acac)3 motif, partly 
since the restrictions upon sensitiser triplet state have been lifted. 
Analogous to Alq3, room-temperature electroluminescence at 1540 nm was 
reported for an erbium tris(8-hydroxyquinoline) complex?80 The Nd3+ complex 70 
improves efficiency by appending a lissamine sensitiser group to a tricarboxylate 




The lanthanide tetraphenylporphyrin complexes 71 and 72 have also been 
. . d d . '.c. d I I' t d' 276,277,282 The bulky InvestIgate as opants In near-inirare e ectro uminescen eVlces. 
ligands protect the lanthanide from its surrounding environment, and minimise self-
quenching. Although the Yb3+ complex of 71 is highly photoluminescent, external EL 
quantum efficiencies were limited to ~0.1 %?76 
Ln(TPP)(Co complex) 71 Ln(TPP)(TP) 72 
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1.4 Synthesis of oligoaromatic ligands for iridium 
The synthesis of ligands of the form 73 and 74 may be approached by two 
general methodologies. The classical route uses ring-closing reactions to form pyridyl 
rings as required, with any substituents introduced in the starting materials (see Section 
1.4.1). The other route uses cross-coupling reactions to form C-C bonds between 
individual rings, or to append substituents (see Section 1.4.2). A recent report reviews 
progress in both areas and their application to the synthesis of 4'-substituted 2,2':6',2"-
terpyridines (structure 74, X1=X2=X3=N).283 
73 74 
1.4.1 Synthesis of ligands via ring-closing reactions 
The synthesis of pyridine rings by ring-closing reactions forms the basis of the 
classical Hantzsch pyridine synthesis (see Scheme 2).284 A diketone is synthesised by a 
sequence of nucleophilic addition, elimination of water and Michael addition. Insertion 
of ammonia and ring closing results in the dihydropyridine, which may be readily oxid-
ised (e.g. with nitric acid) to the desired pyridine derivative. As can be seen, this 
provides great flexibility in substitution of the pyridine ring. 
0 R3 R3 ~R4 0 0 R2X R5 R2fxR' ~R2 + HJlR3 • • R1 
R1 R5 R1 0 00 
1 Et2NH 
NH3 
R3 R3 H R2nR4 oxidise R2nR' ":: I I I ~ .... R1 N R5 R1 N R5 
H 
Scheme 2. The Hantzsch pyridine synthesis. 
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The synthesis of a number of aryl-substituted bipyridine and terpyridine 
derivatives by the Hantzsch route was reported in 1956?85 An extension of this method-
ology resulted in the Krohnke synthesis of pyridines (see Scheme 3), first published in 
1962.286 Formation of the pyridinium salt of the ketone activates the a-hydrogens 
towards Michael addition, and provides a good leaving group circumventing the need 
for an additional oxidation step. Alternatively, the use of a 2-oxo-4-aryl-but-3-enoic 
acid in the Michael addition step forms the corresponding bipyridine-carboxylic acid 
derivative. This may be readily decarboxylated to produce aryl-substituted bipyridines. 
A review of the application of the Krohnke synthesis for a large number of pyridine 
derivatives was published in 1976.287 More recently, similar compounds have been 
. I fi 288289 prepared Vla a one-pot so vent- ree route, ' 
o N 
AcOH 
R3 0+ R3 Br 
NH40Ac 
~ N 
R1 ... R1 
C AcOH C I /- X1 I /- X1 
Scheme 3. The Krohnke pyridine synthesis (X = C or N). 
Although applicable to a large number of pyridine derivatives, the Krohnke 
synthesis requires an aromatic group in the 4-position, This limitation was overcome by 
, , h I h' 22"6' 2"-ter-the use of an a-oxoketene dithioacetal in the synthesIs of 4 -met y t 10- , ' . 
pyridine?90 Reduction to terpyridine itself may be afforded by reaction with sodium 
, hI 'd Th' t step was avoided in a later borohydride in the presence of nlckel(II) c on e, IS ex ra 
, 4) 291 A ' 'lar preparation of 2,6-di-
synthesis by the use of an enamlnone (see Scheme, SImI 286 
phenylpyridine has been reported via 3_dimethylamino-1-phenyl-propan-l-one . 
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~ NMe2 ____ O_-l~~ 
(ii) N H4 OAc, 
AcOH 
Scheme 4. Synthesis of2,2':6',2"-terpyridine via an enaminone. 
An alternative approach is to ring-close the outer pyridyl rings, facilitating the 
introduction of a central phenylene group. Such a reaction has been reported for the 
synthesis of 2,2':6',2"-terpyridine via formation of an octahydro-terpyridine.292 
Although high-yielding, this route was laborious and very costly. Cyc1isation of the 
pendent pyridyl rings has also succeeded in high yield (90%) by a cyc1otrimerisation 
reaction of 1,3-dicyanobenzene with acetylene in the presence of a cobalt catalyst (see 
S h 5) 293-295 Th' h . I c erne. IS route owever IS extreme y hazardous due to the use of high-
pressure acetylene. Although the cyclisation of butadiene with benzonitrile can be 
envisaged, the only reported reaction of these two reagents to form a pyridyl derivative 
involves nucleophilic attack at the nitrile, not cyclisation?96 
CoCpCOD 
o NC~CN 10 atm acetylene 
Scheme 5. Use of a cyclotrimerisation reaction to form pendent pyridyl rings. 
1.4.2 Synthesis of ligands via cross-coupling reactions 
Ever since the report by Murahashi et al. of such reactions with Grignard 
reagents,297 the palladium-catalysed cross-coupling of organometallics has become 
increasingly used in organic chemistry.298 The field encompasses a range of organo-
metallic coupling reagents for aryl-aryl bond formation including organoboron (Suzuki 
coupling)/99 organosilicon (Hiyama coupling),30o organostannane (Stille coupling)30),302 
and organozinc (Negishi coupling)303 compounds. 
The use of Suzuki cross-coupling reactions in the synthesis of poIypyridyi 
compounds was reported as early as 1988 for 3,3'- and 3,4'-bipyridine derivatives.
30
-l 
305 d'ffi It' Although a successful route to 1,3- and 1,4-di(pyrid-2-yl)benzene, 1 ICU les are 
associated with the preparation and use of pyridine-2-boronic acids. Hence Stille and 
Negishi couplings are favoured for the preparation of 2-pyridyl derivatives. First 
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demonstrated in 1996 by Cardenas and Sauvage,306 Stille couplings have become 
popular for the synthesis of a number of oligopyridine compounds. They allow the 
straightforward synthesis of otherwise poorly accessible 5,5"-disubstituted 2,2':6',2"-ter-
pyridine derivatives (see Scheme 6),306 as well as the introduction of strongly electron 
withdrawing 4'-groups?07 
n + 2 (ysnBU3 
Br N Br ~N 
Scheme 6. The synthesis of 5,5"-dimethyl-2,2':6',2"-terpyridine by a Stille 
coupling. 
Since the absence of a central pyridine ring makes conventional ring-closing 
methodologies unsuitable, Stille couplings have been widely used in the preparation of 
di(pyrid-2-yl)benzene analogues?08 By control of reaction stoichiometry, selective di-
substitution was obtained in the reaction of trimethylstannylpyridine with 1,3,5-tri-
bromobenzene to give 5-bromo-1 ,3-di(pyrid-2-yl)benzene in 35% yield.309 In an attempt 
to circumvent the need for highly toxic tin reagents, a series of 5-substituted 1,3-
di(pyrid-2-yl)benzene derivatives have been reported in reasonable yield via a Negishi 
1· d 310 cross-coup Ing proce ure. 
Alternatively, cross-coupling reactions may be used to attach pendent groups 
onto a previously prepared ligand. This is particularly useful for the attachment of 
strongly electron-withdrawing groups at the 4'-position of 2,2':6',2"-terpyridine, 
hindered in the Krohnke synthesis owing to inhibition of the Michael reaction step. A 
large number of such 4'-aryl-substituted compounds have been prepared via Suzuki 
cross-coupling reactions (see Scheme 7).311,312 This methodology has even been 
extended to the coupling of ruthenium complexes to aryl_groups.313 Attachment of 
pendent groups by Stille couplings has been facilitated by the novel synthesis of a 4'-
tributylstannyl-2,2':6',2"-terpyridine (see Scheme 8), which may be converted to the 
bromide or coupled with arylhalides.314 
52 
R 
~\~ Y + Pd(PPh3)4 Na2C03 (aq) 
Br 
.. 










H N I ~ 
N // 
Scheme 8. Novel synthesis of a 4'-tributylstannyl-2,2':6',2"-terpyridine. 
1.5 Synthesis of macrocyclic ligands for lanthanide complexes 
While 1,4,7,10-tetraazacyc1ododecane (cyc1en) 75 and the related 1,4,8,11-
tetraazacyc10tetradecane (cyc1am) 76 are commercially available, the primary challenge 
when synthesising functional derivatives is selectivity in N-substitution. While tetra-
substituted compounds may usually be prepared by reaction with sufficient alkylating 
agent,315,316 intermediate substitution can be difficult. In order to prepare chromophore 
appended D03A derivatives (i. e. 77) two approaches may be considered; selective 
attachment of the three acetic acid groups followed by the chromophore, or selective 
mono-alkylation of the chromophore group followed by the acetic acid groups. 
Cyc1en 75 Cyc1am 76 
C02H 
({\ /-C02H eN NJ N N 
R/ LJ I 
H02C 
77 
The first general synthesis of D03A 46 was reported in 1991 via a six step 
route. 317 A benzyl protecting group was used to aid tris-selectivity, which in tum was 
added after protection with tosyl groups (see Scheme 9). In total four protection and 
deprotection steps were required. More recently a much simpler one-step synthesis of 
the tert-butyl ester protected derivative has been reported.318 Direct reaction of 1,4,7,10-
tetraazacyc1ododecane with tert-butyI bromo acetate and three equivalents of sodium 
hydrogen carbonate leads to tri-alkylation with reasonable selectivity. The choice of a 
53 
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weak base ensures that a fourth alkylation step is disfavoured, due to protonation of the 







(i) NalNH3• H2NCONH2 (ii) HCI 
CI0 HI\H 
OIl OH eN NJ 
Ph-JN'"-INH 
Scheme 9. First general synthesis of D03A. 
Mono-alkylation, on the other hand, may be achieved by a variety of methods. 
The simplest approach involves direct reaction of an alkylating agent with an excess of 
macrocycle.319,320 Under these conditions mono-alkylation is favoured, with excess 
starting material able to be isolated and recycled. A much smaller excess is required if 
acetonitrile is used as the solvent, also allowing the separation of insoluble starting 
materials by filtration. 321 With certain alkylating agents, high selectivity may even be 
observed with stoichiometric reagent ratios in nonprotic solvents.322 
Mono-alky lation has also been accomplished following selective protection of 
three of the ring amines. Suitable protecting groups include tosyl (TS),317,323 tert-
butoxycarbonyl (BOC)324 and formyl (CHOi 25 groups. For greatest selectivity, a single 
group that binds to three amines simultaneously is ideal. Group 6 metal carbonyls 
(M(CO)6, M = Mo, Cr, W) have been shown to bind to 1,4,7,10-tetraazacyclododecane 
. 326 d 'd hI 'd 327 in such a manner, allowing mono-alkylation by alkyl bromIdes an aCI c on es, 
Tris( dimethylamino )borane (B(NMe2)3) binds similarly, and although highly moisture-
sensitive allows deprotection under very mild conditions,328 High yields (-90% for 
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mono-benzylation of cyclen) have been achieved by phosphoryl-protection.329 After 
oxidation with CCl4 alkylation can be achieved either directly, or via an alkoxyphos-
phorane intermediate (see Scheme 10). 
Reaction of cyclen with glyoxal results in the bridged macrocycle 78. By 
suitable choice of solvent, high yields of mono- or di-alkylated salts may be prepared, 
which may then be hydrolysed to the respective cyclen derivatives.330,331 Improved 
mono-selectivity for cyclam can be obtained via 79, with pyruvic acid acting both as a 
templating group for cyclisation as well as a protecting group.332 
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2 Aims and objectives 
In the following chapters, the synthesis and characterisation of a number of 
metal complexes are discussed, with the intention of their investigation as potential 
electrophosphorescent dopants. In order to meet this aim, a number of design criteria 
must be realised. 
The most important property is that these compounds must be highly 
luminescent. Although their performance in organic LEDs relates to their solid-state and 
host-doped electroluminescence properties, these are inherently linked to the photo-
luminescence properties in solution (see Section 1.1.1). Hence, high photoluminescence 
quantum yields in solution should maximise the likelihood of efficient emission from 
electroluminescent devices incorporating the material. In addition, harvesting of both 
singlet and triplet excitons is desired, and therefore efficient phosphorescence must 
occur. The large spin-orbit coupling of heavy metal atoms partially allows the otherwise 
spin-forbidden emission from triplet states, facilitating this requirement. Although 
efficiency of emission is important, spectral purity of red, green and blue emission is 
essential for their use as elements in full-colour electroluminescent displays. 
Another requirement is overall charge-neutrality. Although high efficiencies 
have been obtained from electroluminescent devices incorporating charged transition 
metal complexes,186 there are a number of disadvantages. Since the application of an 
electric field will result in the migration of ions to their respective electrodes, it is 
perhaps unsurprising that device lifetimes are poor. Also, since balanced charge-
injection is reliant upon the redistribution of ions under the applied field, tum-on times 
tend to be long (seconds to several minutes). 
A third general requirement in the present work, differentiating it from much of 
the published literature to date, is a focus upon increased stabilities by the use of 
multidentate ligands. Whereas previous research on organometallic iridium(III) and 
europium(III) compounds as electrophosphorescent materials has invariably used bi-
dentate ligands, the design and development of tri- and octa-dentate ligands for these 
metals respectively, will be described herein. 
In chapters 3 and 4, the synthesis, photophysical characterisation and comput-
ational study of a number of bis-terdentate iridium(III) complexes are discussed. In 
order to ensure charge-neutrality, the generic Ir(N/\X/\N)(X/\N/\X) target structures 
incorporate a combination of cyclometalating Ir-C bonds, metal bound carboxylates 
56 
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and amine functionality. The analogous tris-bidentate iridium(III) complex,!ac-Ir(pPY)3 
26 has been well studied in electroluminescent device applications, with promising 
results (see Section 1.2.3). The donor sets described herein enforce a meridional 
geometry, difficult to achieve otherwise due to the strong trans-effect of cyc10metalated 
ligands. 
In chapter 5, the synthetic details and photophysical characterisation of a series 
of europium(III)-coordinated macrocyc1ic complexes are discussed. They are based 
around the heptadentate, tricarboxylic acid ligand D03A 46 (see Section 1.3.3.1), which 




SYNTHESIS OF IRIDIUM(III) 
COMPLEXES 
Chapter 3 - Synthesis of iridium(III) complexes 
3 Synthesis of iridium(lIl) complexes 
Although much research has focused upon the use of iridium(III) complexes as 
electrophosphorescent dopants, they are usually derivatives of the prototypical fac-
Ir(ppY)3 26 and Ir(ppY)2(acac) 80 structures (see Section 1.2.3). Despite reports of 
device lifetimes of up to 10 000 hours,333 there are concerns with respect to the long-
term stability of such materials in electroluminescent devices. In this work, a number of 
alternative charge-neutral iridium(III) complexes for organic LED applications are 
explored. By the use of terdentate coordination, it is hoped that high stabilities and 
therefore improved device lifetimes will be obtained. 
/. 
I ~ N I ~ 
h-II/ I \\' ~ 
" \\ 
""1(" 
-;/ N/ "'N /' ~ I ~ I 
fac- Ir(ppY)3 26 Ir(ppY)2(acac) 80 
As noted in Section 2, charge-neutral complexes are desirable for OLED applic-
ations. In the present study, two approaches to overall charge-neutralisation will be 
considered. Conventional binding of nitrogen donors to the metal centre (see Section 
1.2.1.1) may be combined with pendent anionic groups. Alternatively, cyc1ometalation 
(see Section 1.2.1.2) provides a route to iridium(III) complexes where neutralisation of 
molecular charge occurs in the core of the molecule. Generic structures for both these 
strategies are shown in Scheme 11. 
Charge neutralisation by 
pendent anionic groups 
x = Anionic group 
Charge neutralisation by 
cyclometalation 
x = Metalating atom 
Scheme 11. Generic approaches to charge-neutralisation. 
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3.1 Synthesis of oligoaromatic ligands 
As discussed in Section 1.4, there are two general methodologies for the 
synthesis of oligoaromatic ligands, ring-closing and cross-coupling reactions. In the 
course of this work, both routes have been utilised, chosen according to their suitability 
in each case. 
3.1.1 Synthesis of 2,2':6',2"-terpyridine derivatives 
The preparation of2,2':6',2"-terpyridine derivatives is simplified by the presence 
of the central pyridine ring. This permits the use of the Krohnke pyridine synthesis (see 
Scheme 3).286 Another requirement is the presence of a suitable aromatic substituent at 
the 4'-position. The potentially mono-anionic ligand 4-(2,2':6',2"-terpyridin-4'-yl)-
benzoic acid (tpyba) 81 may readily be prepared by such a route, as may 4'-(p-tolyl)-
2,2':6',2"-terpyridine (ttpy) 82.334 
tpyba 81 ttpy 82 
Although the Krohnke route is seemingly applicable to the synthesis of 5-
(2,2':6',2"-terpyridin-4'-yl)isophthalic acid diethyl ester (tpyiade) 83, retrosynthetic 
analysis reveals difficulties (see Scheme 12). The preparation of the required aldehyde 
has been previously reported,335,336 however these routes require a synthetically difficult 
selective reduction of 1 ,3,5-benzenetricarboxylic acid triethyl ester. 
Instead, the Suzuki cross-coupling technique of Williams et al.
311
,312 was used to 
append the 4'-aryl substituent (see Scheme 13). The requisite aryl bromide was readily 
accessible by oxidation and subsequent esterification of 1_bromo-3,5-dimethyl-benzene, 
although formation of the boronic ester derivative proved troublesome. Hence 4'-(5,5-
dimethyl-[1,3,2]dioxaborinan-2-yl)-2,2':6',2"-terpyridine was prepared from 4'-bromo-
2,2' :6' ,2" -terpyridine by Miyaura coupling337 with bis(neopentyl glycolato )diboron. 
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> 
tpyiade 83 
Scheme 12. Retrosynthetic analysis of 5-(2,2':6',2"-terpyridin-4'-yl)iso-
phthalic acid diethyl ester (tpyiade). 
Et02C~C02Et y+ base 
Br 
tpyiade 83 
Scheme 13. Synthesis of 5-(2,2':6',2"-terpyridin-4'-yl)isophthalic acid diethyl 
ester via a Suzuki cross-coupling reaction. 
Since solubility of the hydrolysed aryl bromide in organic solvents is poor, the 
cross-coupling should proceed under conditions that tolerate ester functionality. 
Standard Suzuki conditions with an aqueous base were found to be highest yielding, 
with hydrolysis not a significant problem (see Table 7). Anhydrous conditions with 
either an organic base (NEt3) or a suspension of inorganic base (K2C03) were shown to 
give significantly lower yields. 
Solvent Catalyst Base Yield 
DME Pd(PPh3)4 Na2C0 3 (aq) 420/0 
DMF Pd(PPh3)4 NEt3 11% 
Toluene Pd(PPh3)4 K2C0 3 (s) 6% 
Table 7. Attempted conditions for the synthesis of 5-(2,2':6',2"-terpyridin-4'-
yl)isophthalic acid diethyl ester via a Suzuki cross-coupling reaction. 
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3.1.2 Synthesis of 1 ,3-di(pyrid-2-yl)benzene derivatives 
Two methodologies have been applied to the preparation of 1,3-di(pyrid-2-yl)-
benzene in the published literature to date. Reaction of 1,3-dicyanobenzene with 
acetylene and a cobalt catalyst under high pressure has been shown to result in ring 
I · f h . h I 'd I . 293294 C oSlng 0 t e penp era pyn y nngs (see Scheme 5). ' This route was dismissed in 
the present study due to the extremely hazardous nature of high pressure acetylene. 
Although pyridyl rings have also been formed by reaction of nitrile compounds with a 
lithiated derivative of 1,3-butadiene,296 the preparation of this starting material is time-
consuming and costly. 296,338,339 
An alternative approach is the coupling of 1,3-dibromobenzene derivatives with 
organometallic pyridine reagents, previously reported by the cross-coupling procedures 
of Suzuki,305 Stille308 and NegishL310 Although toxicity of stannane compounds is of 
some concern, the Stille cross-coupling with 2-tri-n-butylstannylpyridine308 was chosen 
in this work due to the availability and stability of this coupling reagent. Reaction with 
1,3-dibromobenzene in the presence of bis(triphenylphosphine )palladium(II) chloride 
and lithium chloride under an inert atmosphere resulted in 1,3-di(pyridin-2-yl)benzene 
(dpybH) 84 in reasonable (62%) yield (see Scheme 14). Straightforward dibromination 
of meta-xylene may be achieved by reaction with bromine and a catalytic amount of 
iodine. * A subsequent Stille cross-coupling allowed the preparation of the new ligand 
1,5-di(pyridin-2-yl)-2,4-dimethylbenzene (dpydmbH) 85 in 61 % yield. 
RXXR ~ I + 2 ~ .. A 
Br ~ Br N SnBu3 Liel 
R = H, dpybH 84 
R = Me, dpydmbH 85 
Scheme 14. Synthesis of 1,3-di(pyrid-2-yl)benzene and a dimethyl derivative 
via a Stille cross-coupling reaction. 
• A less toxic brominating agent, 1 ,3-dibromo-5,5-dimethylhydantoin (OBH) has been repo~ed for th~.~:~ 
and tri-bromination ofmesitylene.34o Numerous attempts at dibromination of me~a-xylene WIth DB~ d' 
unsuccessful. Poor selectivity resulted in a mixture of dibrominated products, WIth excess reagent ea 109 
to tri- and tetra-bromination (again with poor specificity). 
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In an attempt to circumvent the use of toxic tin reagents, the zinc-mediated 
Negishi cross-coupling reaction303 was evaluated. Its application to the synthesis of S-
methyl-l,3-di(pyrid-2-yl)benzene had already been reported in 86% yield,3lo hence it 
was expected to be effective for the preparation of I,S-di(pyridin-2-yl)-2,4-dimethyl-
benzene (dpydmbH) 85. Formation of 2-lithiopyridine by reaction of 2-bromopyridine 
with n-butyl lithium at -78°C was followed by transmetalation with ZnCh at ooe to 
give the pyridylzinc chloride. This was coupled without isolation to the required aryl 
bromide in the presence of a Pd(PPh3)4 catalyst (see Scheme IS). Unfortunately, all 
attempts were poorly yielding, often with mainly mono-substitution (see Table 8). 
(i) BuLi, -78°C U (ii) ZnCI, O°C ~ U 
N Br N lnCI 
)C( 
Br fi Br 
.. 
dpydmbH 85 
Scheme 15. Attempted synthesis of 1,5-di(pyrid-2-yl)-2,4-dimethylbenzene via 
a Negishi cross-coupling reaction. 
Solvent Zinc Reagent Catalyst Yield 
Aerated THF ZnCh Pd(PPh3)4 S% 
Degassed THF ZnCh Pd(PPh3)4 lS%a 
Degassed THF ZnCh Pd(PPh3)2Ch 8%a 
Degassed THF Znpowder Pd(PPh3)4 0% 
aUnisolated GC Yield 
Table 8. Attempted conditions for the synthesis of 1,5-di(pyrid-2-yl)-2,4-di-
methylbenzene via a Negishi cross-coupling reaction. 
While cross-coupling reactions permit the preparation of a wide range of di-
pyridylbenzene derivatives, the need for rigorous degassing and the use of relatively 
costly, and in some cases toxic reagents hinders their use on larger scales. Ideally, a 
ring-closing procedure would be available for systems without a central pyridine ring. 
Two approaches to develop such a route have been investigated in the present work. 
Although unable to ring-close a central phenyl ring, the classical Krohnke 
synthesis286 could be applied to form the two peripheral pyridine rings. This should 
allow a straightforward route to structures of the form 86 (see Scheme 16). The inter-
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mediate dicarboxy lie acid compound 87 is also of interest, since deprotonation of the 












Scheme 16. Synthesis of 1,5-di(pyrid-2-yl)-2,4-dimethylbenzene derivatives 
by Krohnke type ring-closing of the outer pyridyl rings. 
Although Friedel-Crafts acylation normally leads to selective mono-substitution, 
diacetylation has been reported for mesitylene341-344 and xylene.341 This is attributed to 
steric inhibition of the resonance interaction between the carbonyl group and the ring, 
reducing its deactivating effect. However, all attempts at diacetylation in the current 
work have been unsuccessful. Reaction of meta-xylene with two equivalents of either 
acetyl chloride or acetic anhydride in carbon disulphide with an excess of anhydrous 
aluminium chloride results in the formation of 4-acetyl-meta-xylene in high (82-87%) 
yield. No evidence of the desired 4,6-diacetyl-meta-xylene was observed in either case. 
This is consistent with the report that sufficient steric inhibition is present in 2-acetyl-
meta-xylene for a second acylation to take place (55% yield), while 4-acetyl-meta-
xylene is unreactive.345 
Alternatively, if dilithiation could be achieved in the reaction between the 
readily accessible 1,5-dibromo-2,4-dimethylbenzene and n-butyl lithium, subsequent 
addition of acetonitrile then hydrolysis would yield the desired diacetyl compound (see 
Scheme 17). Attempts at this reaction showed that only mono-lithiation occurs, with 
solely monoacetylation resulting. A second independent lithiation of this intermediate is 
not possible, since butyl lithium is incompatible with the existing ketone. 
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xx Br ~ Br BuLi yv Li~Li MeCN .. 
Scheme 17. Potential synthesis of 4,6-diacetyl-m-xylene via dilithiation. 
o 
A second ring-closing approach to the synthesis of dipyridylbenzene derivatives 
is to develop a reagent analogous to ammonium acetate, capable of insertion of a carbon 
atom (see Scheme 18). Such a reagent would require two successive deprotonation and 
nucleophilic insertion steps, and hence a strongly acidic methyl group. Nitromethane 
(PK - 9 10)346,347 . . d' h a - - was InvestIgate In t e present work with this aim in mind. 
"G" 
Scheme 18. Synthesis of dipyridylbenzene derivatives by "C"-insertion. 
The attack of nitro-stabilised carbanions at carbonyl functionality is referred to 
as the Henry, or nitroaldol reaction.347 Reaction of nitro methane with dialdehyde 
compounds to form six-membered rings has received much attention for its use in the 
preparation of nitro- and amino-substituted sugars.348 The current aim was to develop a 
procedure whereby reaction of nitromethane with a diketone is followed by dehydration, 
aromatisation and removal of the nitro-group (see Scheme 19). The cyclisation product 
of nitromethane with glyoxal has been shown to aromatise following treatment with 
acetic anhydride (see Scheme 20).349 Alternatively, formation of the 2,4,6-triphenyl-
pyranylium salt350 followed by reaction with nitromethane351 leads to direct formation 
of 2,4,5-triphenylnitrobenzene (see Scheme 21). The latter approach has been 
. . b d" 352-355 demonstrated for a number of 2,4,5-tnarylnitro enzene envatIves. 
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R3 R3 
R1 R2 MeN02 R1 HO .. OH R2 t ) base t I ~N I "- I ~N I) N ~ N02 N ~ 
~ -2 H2O 
R3 R3 
R1 aromatisation R2 ... R1 R2 t ) t I) I ~N I " I ~N N02 N ~ N02 N ~ ! removal of N02 
R3 
R1 R2 
t ) I ~N I " N ~ 
Scheme 19. Formation of a central benzene ring by insertion of nitromethane. 
N02 N02 
H°xfoH 0 AC°xfoAC 'd' pH 1 ~ _A_c_2 ---l"~ pyn In! 
HO OH AcO OAc 25°C 
N02 N02 
Scheme 20. Synthesis of acetic acid 2,5-dinitrophenyl ester by cyciisation of 





Scheme 21. Synthesis of 2,4,5-triphenylnitrobenzene via the pyranylium salt. 
65 
Chapter 3 - Synthesis of iridium(III) complexes 
In order to synthesise NI\CI\N binding ligands for iridium(III) (i.e. those that 
bind through two peripheral pyridine rings and a central cyclometalating phenylene 
ring), a di(pyridin-2-yl)-2,4-dimethylbenzene (dpydmbH) derivative is desired. This 
requires a diketone intermediate of the form 88. I-Pyridin-2-ylpropan-l-one may be 
prepared by reaction of 2-cyanopyridine with ethylmagnesium bromide at O°C followed 
by hydrolysis.356 Preliminary attempts at subsequent reaction with aryl aldehydes to 
yield 88 suggested such reactions were poorly yielding, leading to a mixture of difficult 
to separate compounds. 
Ar 
88 89 tpybH3 90 
To investigate the effectiveness of ring-closing with nitromethane, the readily 
accessible dione 89 was synthesised by reaction of two equivalents of 2-acetylpyridine 
with 2-pyridinecarboxaldehyde in aqueous base. Once cyclised, this should yield the C3-
symmetric, potentially NI\CI\N binding ligand 1,3,5-tri(pyridin-2-yl)benzene (tpybH3) 
90. Dropwise addition of a solution of 89 in nitromethane and dichloromethane to a hot 
solution of sodium ethoxide in ethanol was followed by heating to reflux at 78°C for 
three hours. After workup, a mixture of compounds including the desired diol was 
obtained. This was added without further purification to concentrated sulfuric acid and 
heated to 150°C overnight. After basification and extraction into dichloromethane, 
chromatographic purification resulted in the desired compound, t although still impure 
and in very low crude yield «0.2%). 
3.1.3 Synthesis of bis-cyclometalating CANAC ligands and their 
analogues 
With respect to NI\CI\N coordinating ligands, the synthesis of CI\NI\C binding 
compounds is greatly simplified by the presence of a central pyridine ring. In general, 
Krohnke methodology286 (see Section 1.4.1) allows access to such compounds from 
t tpybH3: IH-NMR (CDCh, 200 MHz) 8=9.11 (3H, s), 8.75 (3H, d, J=4.9), ~~67 (3H, d, J=7.9), 7.88 (3H, 
td, J=7.9, 1.8),7.35 (3H, ddd, J=7.5, 4.8,1.1). MS(ES+) m/z=342 ([2M+Zn]- ). 
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readily available starting materials. When a 4'-aryl substituent was required (e.g. 4-p-
tolyl-2,6-diphenylpyridine (tdppyH2) 91 and 4-p-tolyl-2,6-di(3-cyanophenyl)pyridine 
(tcdppyH2) 92), an acetophenone derivative was reacted with the relevant aryl aldehyde 
in aqueous base to give the desired chalcone in near quantitative yield. This was then 
combined with the respective 1-(2-oxo-2-arylethyl)pyridinium iodide and ammonium 
acetate in glacial acetic acid. Heating to reflux at 116°C for one hour followed by 
cooling and addition of water precipitated the desired triarylpyridine derivative. 
NC CN 
tdppyH2 91 tcdppyH2 92 
If carboxylic acid functionality was desired (e.g. 4-p-tolyl-6-phenylpicolinic acid 
93 (tppicH2))' a 2-oxo-4-aryl-but-3-enoic acid derivative was prepared from the aryl 
aldehyde and sodium pyruvate. Heating this to reflux at 100°C in water with 1-(2-oxo-
2-phenylethyl)pyridinium iodide and ammonium acetate resulted in the sought-after 
ligand, which precipitated from solution upon cooling (see Scheme 22). 
KOH 




Scheme 22. Synthesis of 4_p_tolyl-6-phenylpicolinic acid by ring-closing. 
. I K "hnk h me the requirement of an Although necessary for the classlca ro e sc e , 
aryl-group in the 4'-position can be circumvented by the use of a Mannich base, as 
reported for 2,6_diphenylpyridine.286 The Mannich base derivative of 3-acetylbenzo-
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nitrile was prepared in 560/0 yield by boiling in ethanol with paraformaldehyde, di-
methylamine hydrochloride and concentrated hydrochloric acid. Subsequent reaction 
with 2-(1-(3-cyanophenyl)-1-oxoethyl)pyridinium iodide and ammonium acetate in 
glacial acetic acid produced 2,6-di(3-cyanophenyl)pyridine (cdppyH2) 94 in 830/0 yield. 
An analogous procedure was used to obtain the thiophene derivative 2,6-di(2-thienyl)-







NC~NO o I b 




Scheme 23. Synthesis of a diphenylpyridine derivative via a Mannich base. 
F F 
dthpyH2 95 
Despite being applicable to many compounds, the above route was unsuccessful 
In the preparation of 2,6-di(2,4-difluorophenyl)pyridine (F 4dppyH2) 96. While the 
pyridinium salt of 2,4-difluoroacetophenone was synthesised, albeit in lower yield, 
attempts at formation of the enaminone were unsuccessful. Evidence for nucleophilic 
aromatic substitution was observed, with dimethylamine replacing fluorine, a problem 
that was not alleviated by prior mixing of the amine with paraformaldehyde. Instead, a 
Suzuki cross-coupling299 (see Section 1.4.2) of the commercially available 2,4-difluoro-
phenylboronic acid with 2,6-dibromopyridine in the presence of tetrakis(triphenyl-
phosphine )palladium(O), yielded 96 in 71 % yield. 
68 
Chapter 3 - Synthesis of iridium(III) complexes 
Although X "N"X ligand systems have concentrated on cyc1ometalation as a 
means of charge neutralisation, deprotonation of suitable NH groups may yield an 
~"N"~ coordination, satisfying the requirements equally well. 2,6-Di(2'-indolyl)-
pyridine (dinpyH2) 97 was prepared by the Fischer indole synthesis358-36o (see Scheme 
24). Condensation of phenyl hydrazine with 2,6-diacetylpyridine was followed by 
cyc1isation of the resulting bis-hydrazone in polyphosphoric acid. Although less viscous 





Scheme 24. Preparation of 2,6-di(2'-indoJyJ)pyridine by the Fischer indole 
synthesis. 
3.2 Complexation with iridium(lIl) 
Since heteroleptic iridium(III) complexes are desired, a two-step complexation 
strategy was used in their preparation. Initial work focused upon the synthesis of a 
suitable intermediate for the preparation of Ir(dpyb)(dppy) 98. The requirement for only 
a single Ir-C bond suggested that an iridium(III) 1,3-di(pyridin-2-yl)benzene (dpyb) 
intermediate would be more straightforward than the alternative reaction of IrCh with 
2,6-diphenylpyridine (dppyH2), where two metalating Ir-C bonds must form. Binding 
of dpyb in the desired manner has previously been reported for Ru(II)/61-363 OS(II)361,362 
and Pt(Il)308,364 systems. The isomeric ligand 6-phenyl-2,2'-bipyridine is also well-
known to cyc1ometalate, exhibiting C"N"N coordination to Ru(II),365 Pd(II)366,367 and 
Pt(Il).366,368,369 
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Ir( dpyb)( dppy) 98 
The preparation of chloride-bridged di-iridium(III) intermediates is commonly 
performed in 2-ethoxyethanol, with addition of water accelerating the reaction (see 
Section 1.2.1.2). Heating 1,3-di(pyridin-2-yl)benzene (dpybH) 84 with one equivalent 
of iridium trichloride trihydrate in a 3: 1 mixture of 2-ethoxyethanol and water at 1300C 
for 4'li hours resulted in an orange precipitate. Characterisation by NMR spectroscopy 
indicated the presence of a complicated mixture of cyclometalated compounds, with 
purification hindered by poor solubility in all common solvents but DMSO. Shortening 
or extending reaction times did not result in any improvement, while the absence of 
water severely impeded the reaction. 
To satisfactorily characterise the resulting intermediate compound and confirm 
that the desired NJ\CJ\N coordination had been achieved, reaction of the product mixture 
with 2,2'-bipyridine (bpy) and 4'-(p-tolyl)-2,2':6',2"-terpyridine (ttpy) in ethylene glycol 
at 196°C was investigated. In both cases the expected products, [Ir( dpyb )(bpy )Clt 99 
and [Ir(dpyb)(ttpy)]2+ 100 were obtained in small amounts along with a number of other 
complexes. Although no attempt was made at complete purification, electro spray ion-
isation mass spectrometry showed that the reaction with 2,2'-bipyridine also resulted in 
complexes of the form [Ir(dpyb)(bpY)2]2+ and [Ir(dpyb)2(bpy)t. Similarly, reaction with 
4'-(p-tolyl)-2,2':6',2"-terpyridine gave compounds of composition [Ir(dpyb)(ttpy)Clt 
and [Ir(dpyb)2(ttpy)t. 
Chromatographic separation of the undesired complexes from reaction with 4'-
(p-tolyl)-2,2':6',2"-terpyridine allowed their identification as [Ir(dpyb-N,C)(ttpy-
N,N,N)Clt 101 and [Ir(dpyb-N,C)2(ttpy-N,N)t 102, where cyclometalation occurs 
through the C4' position of the phenylene ring (see Figure 16, binding mode II). The 
predominance of this bidentate coordination is not entirely surprising, since the C2' 
position is more sterically hindered by the pyridyl rings, with metalation likely to be 
kinetically favoured at the C4' position. A similar coordination has been reported for 
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complexation of dpybH to palladium(II), with double cyc1ometalation resulting in a 
dimeric species.308 
[Ir(dpyb)(bpy)Clt 99 [Ir( dpyb ) (ttpy)] 2+ 100 
I II 
Figure 16. Two potential binding modes of the 1,3-di(pyridin-2-yl)benzene ligand. 
[Ir( dpyb-N,C)(ttpy-N ,N,N)Clt 101 [Ir( dpyb-N,C')2(ttpy-N,N)t 102 
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In order to favour terdentate coordination (see Figure 16, binding mode I), 
cyclometalation at the C4' position was blocked by the introduction of methyl substitu-
ents. Reaction of 1,5-di(pyridin-2-yl)-2,4-dimethylbenzene (dpydmbH) 85 with iridium 
trichloride trihydrate in 2-ethoxyethanol at 133°C resulted in the precipitation of a 
yellow solid. This consisted of a mixture of cyclometalated N;\C;\N complex, and an un-
identified non-cyclometalated precursor. Cyclometalation is favoured by longer reaction 
times (e.g. ~50% yield after three days, ~ 71 % after five days) or by the addition of 
water. 
However, best results were achieved upon reaction at 80°C with iridium tri-
chloride monohydrate in a 2: 1 mixture of 2-ethoxyethanol and water for six hours. 
Extended reaction times were found to be detrimental to purity, although higher yields 
may be obtained by removal of the precipitated product, then continued heating of the 
remaining solution. 
Although insoluble in most common solvents, heating the solid in d6-DMSO 
resulted in a yellow solution. The IH NMR spectrum exhibits the same C2-symmetry as 
the ligand, but with a loss of the peak due to the phenylene proton between the two 
pyridine rings. As expected for cyclometalation at this carbon, a significant upfield shift 
of the resonance attributed to the proton para to this position is observed. An X-ray 
diffraction study of a single crystal obtained from DMSO solution reveals the structure 
as Ir(dpydmb)(DMSO)Cb 103 (see Figure 17). The desired N;\C;\N coordination (see 
Figure 16, binding mode I) is evident, with a sulfur-bound DMSO molecule trans to the 
metalated carbon. MALDI mass spectrometry suggests that the solid isolated initially is 
the chloride-bridged dimer 104 ([Ir(dpydmb)CI(Jl-CI)h, mlz = 1044), which undergoes 
cleavage of the bridging chloride bond upon solvation in DMSO. Such cleavage of a 
chloride bridge by a coordinating solvent is not without precedent, being well-
established for dimeric iridium(III) ppy derivatives,37o and for platinum(II) dppy 
complexes.371 
The structure of Ir(dpydmb)(DMSO)Ch 103 is shown in Figure 17, with 
selected bond lengths and angles tabulated in Table 9. Further crystallographic data are 
given in Appendix A. As expected due to the geometric constraints of terdentate 
binding, the iridium(III) centre exhibits a distorted octahedral geometry, with the 
cyclometalating ligand bound in the desired manner. The two chloride atoms are 
approximately perpendicular to the dpydmb ligand, with a sulfur-bound DMSO 
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CI ""'" I "CI 
L 
L = DMSO 
Ir( dpydmb )(DMSO)Cb 103 [Ir( dpydmb )CI(J.!-CI)h 104 
molecule occupying the remaining site of the iridium(III) centre. The Ir-C bond 
{1.976( 4) A} is shortened with respect to the analogous bonds in fac-Ir(tpY) 3 
{2.024(6) A}, 112 a result of the constraints imposed by binding of the peripheral 
pyridine rings. In this sense, the Ir-C bond of Ir( dpydmb )(DMSO)Cb is more comp-
arable to the Ir-N( central pyridine) bond of [Ir(terpy)2]3+ {1.980 A}, 103 which also 
exhibits a terdentate binding mode. Similarly, the Ir-N distances of 
Ir( dpydmb )(DMSO)Cb {2.067(3) A and 2.087(3) A} are shortened with respect to fac-
Ir(tpY)3 {2.132(5) A}.112 This is mainly due to the introduction of a strong trans-
influencing cyclometalated ligand opposite the nitrogen atoms of the latter structure. 
Figure 17. Structure of Ir(dpydmb)(DMSO)Ch crystallised from DMSO; 
120 K, thermal ellipsoids shown at 30% probability. 
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Bond lengths / A Bond angles / ° 
Ir-N(1) 2.067(3) C(20)-Ir-S(1 ) 178.66(10) 
Ir-N(3) 2.087(3) C(20)-Ir-N(1 ) 80.00(13) 
Ir-C(20) 1.976(4) N(1 )-Ir-N(3) 159.89(12) 
Ir-CI(I) 2.3518(15) C(20)-Ir-CI(1 ) 90.94(11) 
Ir-CI(2) 2.3735(14) N(1 )-Ir-CI(2) 89.29(9) 
Ir-S(1) 2.4379(18) CI(1 )-Ir-CI(2) 176.20(3) 
Table 9. Selected bond lengths and angles for Ir(dpydmb)(DMSO)Ch. 
Reaction of [Ir(dpydmb)CI(Il-CI)h 104 with 4'-(p-tolyl)-2,2':6',2"-terpyridine 
(ttpy) 82 in ethylene glycol at 196°C for 45 minutes gave [Ir(dpydmb)(ttpy)]2+ 106 in 
87% yield, a marked improvement over that achieved for [Ir(dpyb)(ttpy)]2+ 100 (1 %). 
An analogous reaction with 2,2':6',2"-terpyridine (terpy) and 5-(2,2':6',2"-terpyridin-4'-
yl)isophthalic acid diethyl ester (tpyiade) 83 yielded [Ir( dpydmb )(terpy)]2+ 105 and 
[Ir(dpydmb)(tpyiade)]2+ 107 respectively. The latter complex is of particular interest, 
since hydrolysis of the ester groups should result in a potentially charge-neutral 
complex. 
[Ir( dpydmb )(terpy)]2+ 105 [Ir( dpydmb ) (ttpy)] 2+ 106 [Ir( dpydmb )(tpyiade )]2+ 107 
Single crystals of [Ir(dpydmb)(ttpy)]2+ 106 were grown as the PF6- salt by slow 
diffusion of water into a solution of the complex in d6-acetone. The resulting X-ray 
crystal structure is shown in Figure 18, with selected bond lengths and angles tabulated 
in Table 10. Further crystallographic data are given in Appendix A. Due to the 
geometric constraints of terdentate binding, a distorted octahedral geometry is observed 
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at the metal centre. The dpydmb ligand binds in a similar manner to that In 
Ir(dpydmb)(DMSO)Ch 103, with a slight shortening of the Ir-C and Ir-N bonds. 
C73 
CS3 
Fig~re 18. Structure of the [Ir(dpydmb)(ttpy)]2+ cation crystallised as the 
PF6 salt from acetone; 120 K, thermal ellipsoids shown at 50% probability. 
Bond lengths / A Bond angles / ° 
Ir-N(5) 2.046(3) C(6)-Ir-N(2) 175.76(14) 
Ir-N(7) 2.047(3) C(6)-Ir-N(5) 80.03(15) 
Ir-C(6) 1.954(4) N(5)-Ir-N(7) 160.25(13) 
Ir-N(1) 2.046(3) N(1)-Ir-N(2) 78.82(13) 
Ir-N(2) 2.030(3) N(1 )-Ir-N(3) 158.19(13) 
Ir-N(3) 2.052(3) N(1)-Ir-N(5) 90.58(13) 
Table 10. Selected bond lengths and angles for [Ir(dpydmb)(ttpy)]2+. 
The terpyridine moiety is approximately perpendicular to the cyclometalating 
ligand, with an N(1)-Ir-N(5) bond angle of 90.58(13)°. The central pyridine ring is 
closer to the metal {2.030(3) A} than the two peripheral pyridine rings {2.046(3) and 
2.052(3) A}. This is again attributed to the geometric constraints of a terdentate binding 
mode (as also observed for [Ir(terpy)2]3+ 103). Comparison to the Ir-N( central terpy) 
bond length of the Ir(NANAN)(CANACt complex 34 {1.943(6) A},135 and to 
[Ir(terpy)2]3+ {1.980 A}, 103 shows a slight lengthening in the present complex. This is a 
result of the strong trans-influence metalated ligand, leading to an increase in length of 
the Ir-N bond trans to metalation. This is analogous to the increased Pt-Cl bond length 
in Pt(dpyb)Cl {2.417(2) A}372 with respect to [Pt(terpy)Clt {~2.30 A}.373,374 In 
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complex 34 however it is the second metalating carbon atom that is trans to the Ir-C 
bond. 135 The consequence is a lengthening of these Ir-C bonds {2.l22(9) and 2.094(9) 
A} with respect to the present complex andfac-Ir(tpY)3 {1.954(4) and 2.024(6) A 112 
respectively}, more comparable with the mutually trans Ir-C bonds of mer-Ir(tpY)3 
{2.076(10) and 2.086(12) A 121}. 
3.2.1 Synthesis of Ir(NACAN)(CANAC) complexes 
Following the successful preparation of an N/\C/\N bound iridium(III) precursor 
complex, its application to the synthesis of the charge-neutral compound 
Ir(dpydmb)(dppy) 108 was investigated. As far as other metals are concerned, early 
attempts at trans-cyclometalation of 2,6-diphenylpyridine to palladium(II) were un-
successful,375,376 but this was later achieved by prior dilithiation of the ligand, a strategy 
also successful for platinum(II).377 More recently, a higher yielding synthesis of the 
platinum(II) complex has been reported by the use of glacial acetic acid as the reaction 
solvent. 371 This has led to numerous studies investigating the effect of substitution upon 
the ligand378 and the remaining coordination site of the meta1.379,380 Also of interest is 
the report ofbis-cyclometalation of 6-phenyl-2,2'-bipyridine by "rollover" metalation at 
the peripheral pyridyl ring.381 
Unlike the terpyridine complexes 105, 106 and 107, reaction of 
[Ir( dpydmb )CI(~-CI)h 104 with 2,6-diphenylpyridine in ethylene glycol at 196°C for up 
to two hours yielded none of the desired product. Although I H NMR spectroscopy of 
the isolated compounds showed that the 1,5-di(pyridin-2-yl)-2,4-dimethylbenzene 
ligand was still bound in an N/\C/\N manner, no other protonic resonances could be 
observed. Electrospray ionisation mass spectrometry suggested that the remaining three 
coordination sites were occupied by weakly bound solvent molecules. A similar lack of 
reactivity was observed when the reaction was performed in ethanol at 78°C, or even 
after five days in a 4: 1 mixture of 2-ethoxyethanol and water at 130°C. 
Ir(dpydmb)(dppy) 108 
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Heating [Ir(dpydmb)CI(J-l-CI)h 104 and 2,6-diphenylpyridine (dppyH2) to 196°C 
in ethylene glycol for 24 hours allowed the chromatographic isolation of a dppy-
containing iridium(III) complex. However, IH NMR spectroscopy clearly showed that 
this ligand was only CAN-coordinated, with the remaining phenyl group unbound. This 
complex may also be prepared under much milder conditions (e.g. in boiling ethanol for 
six days) by the addition of Ag + salts to promote dechlorination. 
This is consistent with early attempts at binding of 2,6-diphenylpyridine 
(dppyH2)' where a mono-cyc1ometalated species [Ir( dppyH)(PPh3)2Ht 33 was isolated, 
with the sixth site of the metal stabilised by an agostic bond. 134 Five-coordinate iridium 
complexes have recently been reported where such an agostic interaction is disfavoured, 
with the site opposite to metalation empty.382 In the present case the pendent phenyl ring 
is not particularly sterically restricted, and the sixth coordination site is probably 
occupied by a weakly-bound solvent molecule (i.e. [Ir(dpydmb)(dppyH)Lt 109). IH_IH 
NOESY NMR studies show that the unbound phenyl ring is approximately perpen-
dicular to the rest of the dppy ligand, with a through-space interaction between the 
ortho-phenyl protons (H2') and those adjacent to the nitrogen of the pyridyl rings of 
dpydmb (H6). 
A similar bidentate binding of 2,2' :6' ,2" -terpyridine has been reported for 
platinum(II)/83,384 palladium(II)383-385 and ruthenium(II),386 where a suitable precursor 
inhibits a third coordination. The Pt(II) and Pd(II) complexes are reported to exhibit 
fluxional behaviour, with interchange of the bound and unbound pyridyl rings. While a 
rapid interconversion of metalated and agostic phenyl groups was also observed for 
[Ir(dppyH)(PPh3)2Ht, this was facilitated by a suitably placed hydride. 134 
4' 
4' 
L = Solvent 
[Ir( dpydmb)( dppy H)L t 109 
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The use of acetic acid as a solvent has previously been suggested to favour the 
di-cyc1ometalation of 2,6-diphenylpyridine to platinum(II).371 However, heating of 
[Ir(dpydmb)CI(~-CI)h with dppyH2 in glacial acetic acid in the presence of silver(I) 
trifluoromethanesulfonate at 116°C for five days still resulted in 109. 
Prior dilithiation of the ortho-phenyl carbons of dppyH2 has been reported to 
allow bis-transmetalation with platinum(II) and palladium(II),377 whilst the analogous 
organogold(III) complex has been prepared by transmetalation from the corresponding 
mercury(II) species.387 The former strategy was considered for the current iridium(III) 
complexes. Quenching experiments with D20, followed by NMR and mass spectro-
metric characterisation showed that four equivalents of n-butyl lithium were sufficient 
to result in ~4a% dilithiation of dppy, with the remainder mainly mono-lithiated. 
Although larger quantities of n-butyl lithium resulted in approximately quantitative 
dilithiation, butylation para to the nitrogen of the pyridyl ring was also observed under 
these conditions. Nevertheless, addition of [Ir(dpydmb)CI(~-CI)h 104 to a diethyl ether 
solution of dppyLiH and dppyLb, followed by stirring at room temperature resulted in a 
complex mixture of inseparable compounds. 
Since the probable presence of a weakly bound solvent molecule in 109 is likely 
to stabilise the resulting structure, the absence of potentially coordinating ligands from 
the reaction may favour the formation of Ir(dpydmb)(dppy) 108. Toluene was chosen as 
a reaction solvent due to its lack of coordinating donor atoms, and its relatively large 
size, which may obstruct its approach to the sixth coordination site of 109. Unfortun-
ately, no reaction was observed when [Ir(dpydmb)CI(Jl-CI)h 104 and 2,6-diphenyl-
pyridine were heated to 111°C in toluene for three days. 
The synthesis of Jac-Ir(ppY)3 has been reported with 2-phenylpyridine as both 
reagent and reaction solvent. 1l6,117 Although a solid at room temperature, 2,6-
diphenylpyridine melts at 74-76°C. Heating [Ir( dpydmb )CI(~-CI)h with silver trifluoro-
methane sulfonate in molten dppyH at 11 aoc with no additional solvent, followed by 
chromatographic purification, did indeed result in the desired complex 108 as an orange 
solid in 37% yield. The structure was confirmed by 1 H NMR spectroscopy and mass 
spectrometry . 
Although amenable to column chromatography, yields were limited by partial 
decomposition on the column, an issue reflected in the compound's poor photostability 
in solution (see Section 4). NMR and mass spectrometric characterisation permitted 
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identification of the decomposition product as Ir(dpydmb)(dppyH)L 109 (see Scheme 
25). The instability is probably related to the mutually trans cyclometalating carbons, a 
phenomenon recently referred to as "transphobia".128,388 The strong trans-effect of a 
cyclometalating carbon donor atom labilises the ligand opposite, while its strong trans-
influence increases the ground state bond length. A dramatic example of the trans-effect 
is provided by a kinetic study of the displacement of chloride from a platinum(II) 
complex (see Scheme 26). Whereas similar rates of solvation were observed when the 
central aromatic ring was a pyridine (Xl = N, X2 = N/C), substitution with a phenyl ring 







Scheme 25. Decomposition of Ir(dpydmb)(dppy) to [Ir(dpydmb)(dppyH)Lt. 
MeOH 
I~ 




Scheme 26. Displacement of a platinum(II) bound chloride by methanol. 
Of particular relevance in the present context is mer-Ir(ppY)3 27 and derivatives, 
which undergo a thermally- and photochemically-activated isomerisation to the facial 
isomers (see Scheme 27).121 In the present case, the terdentate binding of ligands 
enforces a meridional geometry, with no opportunity for isomerisation to a facial 
coordination. Instead, cleavage of one of the mutually trans Ir-C bonds is irreversible. 
It should be noted that, although geometrically constrained, the argument for instability 
due to steric effects is doubtful due to the high stability in binding of 2,2':6',2"-ter-
pyridine (terpy) derivatives. 
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~ or hv 
mer-Ir(ppY)3 27 fac- Ir(ppY)3 26 
Scheme 27. Thermally and photochemically activated isomerisation of 
mer-Ir(ppY)3 27 to Jac-Ir(ppY)3 26. 
In order to stabilise Ir(dpydmb) (dppy) 108 with respect to Ir-C bond 
dissociation, Ir(dpydmb)(F4dppy) 110 and Ir(dpydmb)(cdppy) 111 were considered, 
incorporating electron-withdrawing substituents in the meta- and para-positions to the 
metal respectively. It was hoped that this would stabilise the negative charge at the 
carbon end of the formal C--Ir + bond, resulting in reduced lability. Difluorination meta 
to cyc1ometalation has been reported to inhibit the thermal isomerisation of mer-
Ir( 46dfppY)3 112 to the facial isomer, 121 and a recent patent has proposed cyano 
substitution of Ir(ppY)3 derivatives.39o 
F 
F F 
Ir(dpydmb)(F4dppy) 110 Ir(dpydmb)(cdppy) 111 mer-Ire 46dfppY)3 112 
A mixture of [Ir(dpydmb)CI(Il-CI)h 104 and silver trifluoromethanesulfonate in 
molten 2,6-di(2,4-difluorophenyl)pyridine (F4dppyH2) 96 was heated at 110°C with no 
additional solvent. Following chromatographic purification, Ir( dpydmb )(F 4dppy) 110 
was obtained as a yellow solid in 21 % yield. Although this is in lower yield than for 
Ir(dpydmb)(dppy) 108, no evidence of Ir-C bond dissociation was observed upon 
column chromatography in this case, suggesting that fluorination may be successful in 
stabilising the system. 
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Attempts to scale up this reaction were hindered by the increasingly large 
quantities of the F 4dppyH2 ligand required. If the ratio of ligand to intermediate is 
reduced, the mixture no longer melts below 110°C, and yields are substantially 
decreased (e.g. 2,6-di(2,4-difluorophenyl)pyridine (116 mg, 0.38 mmol), 
[Ir(dpydmb)CI(Il-CI)h (75 mg, 0.072 mmol) and silver(l) trifluoromethanesulfonate 
(83 mg, 0.32 mmol) heated to 110°C for 24 hours resulted in less than 10% yield). 
Increasing the temperature to 150°C merely resulted in the formation of significant 
amounts of the decomposed [Ir(dpydmb)(F4dppyH)Lt complex 113. Alternatively, 
when acetic acid was used as a solvent, no binding of the F 4dppyH2 ligand was 
observed whatsoever. 
F 
[Ir( dpydmb )(F 4dppy H)L r 113 
In the case of Ir(dpydmb)(cdppy) 111, solvent free reaction conditions are 
unsuitable due to the high melting point of 2,6-di(3-cyanophenyl)pyridine C cdppyH2) 
(~188°C). If the reaction temperature is raised to 200°C, a complex mixture of products 
forms, with no evidence of the desired compound. The use of the conventional solvent 
diglyme, on the other hand, resulted in no complexation whatsoever upon heating at 
110°C. In an attempt to promote cyclometalation, [Ir(dpydmb)CICIl-CI)h was heated 
with 2,6-di(3-cyanophenyl)pyridine and silver(l) trifluoromethanesulfonate in acetic 
acid under an inert atmosphere for two days. Although purification of the resulting 
complex was unsuccessful, it was identified by NMR and mass spectrometry as 114. In 
addition to unsymmetrical binding of the cdppy ligand, partial hydrolysis of the cyano-
substituents had occurred. 
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114 
In order to have a model complex with which to investigate the luminescence 
properties of mixed NACAN, CAN bound systems (e.g. 109 and 113), the complex 
Ir(dpydmb)(ppy)CI 115 was prepared. Reaction of [Ir(dpydmb)CI(Jl-CI)h and silver 
trifluoromethanesulfonate in 2-phenylpyridine (ppyH) gave the desired complex.t 
Excess ppyH was extracted by washing a dichloromethane solution of the crude product 
with 1 mol dm -3 HCI, followed by chromatographic separation. The use of K2C03 
instead of AgS03CF3 (as for the syntheses of fac- and mer-Ir(ppY)3 121) in both pure 
ppyH and ethylene glycol solutions resulted in significantly lower yields. As would be 
expected for the thermodynamic product, a meridional geometry is observed, confirmed 





t Althou h there is no definitive evidence for the presence of a bound chloride, the low polarity of solvent 
required gupon column chromatography (silica, dichloromethane/methanol, 99.75/0.25) suggests that the 
obtained product is charge-neutral. 
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3.2.2 Synthesis of complexes of picolinic acid derivatives 
Following successful preparation of Ir( dpydmb)( C/\ N /\C) derivatives, the 
charge-neutral Ir(dpydmb)(C/\N/\O) complexes Ir(dpydmb)(tppic) 116 and 
Ir(dpydmb)(hbqc) 117§ were prepared in molten solutions. Since the ligands themselves 
are solids at the reaction temperature, the complexations were performed in molten 
benzoic acid. This was chosen for its suitable melting point (122-123 °C) and potential 
for solubilising pyridine carboxylic acid functionalised ligands. Heating 
[Ir( dpydmb )CI(~-CI) h with silver trifluoromethanesulfonate and the respective ligand in 
molten benzoic acid followed by purification by column chromatography resulted in 
complexes 116 and 117 in reasonable yield (54% and 580/0 respectively). Interestingly~ 
the attempted preparation of Ir(dpydmb)(dppy) 108 in molten benzoic acid was 
unsuccessful. 
OH 
Ir(dpydmb)(tppic) 116 Ir(dpydmb)(hbqc) 117 
The concept of charge-neutralisation by acid functionality may be extended to 
the target complex Ir(dpydmb)(pydc) 118, incorporating O/\N/\O coordination of 
pyridine-2,6-dicarboxylic acid (pydcH2). The traditional solvents for iridium (III) 
complexation, 2-ethoxyethanol and ethylene glycol, proved to be inappropriate since 
rapid esterification of the ligand occurs in competition with complexation. This side 
reaction is not possible for 1,2-dimethoxyethane (DME), however, heating 
[Ir(dpydmb)CI(~-CI)h with pyridine-2,6-dicarboxylic acid in DME at 83°C for four 
days resulted in no evidence for binding of the pydcH2 ligand. In contrast to the 
§ 4_Hydroxybenzo[h]quinoline-2-carboxylic acid (hbqcH2) was supplied by Avecia Ltd. as the ethyl-ester. 
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carboxylate bound complexes 116 and 117, reaction in benzoic acid resulted in a 
complex mixture of inseparable products. Hence complex 118 has remained elusive. 
Ir( dpydmb )(Pydc) 118 
3.2.3 Cyclometalation via five-membered heterocyclic rings 
Although most research has focused upon cyclometalation via phenyl groups, 
the formation of Ir-C bonds to five-membered heterocyclic rings has also been 
rt d 115 116 127 128 169 170 F 1 2 (2 h' 1) 'd' (h H)' k b' d repo e. ' , , " or examp e, - -t leny pyn Ine t py 2 IS nown to In 
in a CAN manner infac-Ir(thpY)3 30. 116 The analogous CANAC coordinated complex is 
Ir(dpydmb)(dthpy) 119. The plausibility of coordination in this way is reinforced by the 
report that reaction of 2,6-di(2-thienyl)pyridine with K2[PtCI4] in 2-methoxy-
ethanol/water results in a mixture of CANAC and CAN binding,357 In the present study, 
reaction of [Ir(dpydmb)Cl(Jl-CI)h with dthpyH2 in ethylene glycol at 200°C for 24 
hours showed no evidence of complexation. A similar unreactivity was found when 
heated in an excess of molten ligand. While binding was observed upon replacement of 
the solvent with glacial acetic acid, this was shown to be only bidentate CAN coordin-
ation with the second thienyl ring not bound. 
fac- Ir( thpY)3 30 Ir( dpydmb)( dthpy) 119 
The nitrogen analogue 2,6-di(2'-indolyl)pyridine (dinpyH2) 97 may either bind 
to a metal through all three nitrogen atoms, or cyclometalate akin to thpyH2' Dilithiation 
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of dinpyH2 followed by reaction with platinum(II) and palladium(II) precursors has 
been shown to result exclusively in the former. 391 Although non-emissive at room temp-
erature, Pt(dinpy)(py) and Pt(dinpy)(SMe2) exhibited red-orange luminescence 
("'-max = 570 nm) at 77 K assigned to a 1t-1t* transition of the dinpy ligand. Reports of the 
tin(IV) and lead(IV) complexes also reveal an NI\NI\N binding mode, with intense 
luminescence from Sn(dinpy)Ph2 even at ambient temperature. 392 Similarly, 2-(2'-
indolyl)pyridine has been reported to bind in an NI\N manner to zinc(II),393 
ruthenium(II),394 rhodium(I)395 and palladium(II).396 Cyclometalation at the 3-position 
has been achieved for the platinum(II) complex 120 by methylation of the indolyl 
nitrogen atom.397 Also of note are the palladium(II)398 and platinum(II)399 complexes of 
121, where cyclometalation is observed at the 2-position. 
120 121 
Initial attempts at the preparation of an iridium(III) complex of 2,6-di(2'-
indolyl)pyridine (dinpyH2) involved an adaptation of the molten solid route previously 
discussed. Since dinpyH2 has a higher melting point (mp 251.0-253.6°C), it was diluted 
in molten benzoic acid or, in an attempt to deprotonate the indolyl nitrogen atoms, in di-
phenylamine or triethylamine. The prior lithiation strategy successful for platinum(II) 
and palladium(II) complexes was also attempted. 391 In all cases a complex mixture of 
inseparable products was obtained. 
More success was achieved when complexation was promoted by heating in 
solution, with an intriguing dependence of binding behaviour upon the solvent used. 
While reaction of [Ir(dpydmb)CI(Jl-CI)h with 2,6-di(2'-indolyl)pyridine in ethylene 
glycol in the presence of base resulted in the cyclometalated complex 
Ir( dpydmb)( dinpy-CI\NI\C) 122, the same reaction in acetic acid with a silver salt gave 
the triply N-bound complex Ir(dpydmb)(dinpy-NI\NI\N) 123. The reactions were 
unfortunately low yielding (40/0 and 8% respectively) and product of sufficient purity 
for photophysical studies has so far not been obtained. 
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Ir( dpydmb)( dinpy-C/\N/\C) 122 Ir( dpydmb)( dinpy-N/\N/\N) 123 
3.2.4 Other complexes incorporating mutually trans bis-metalation 
In view of the observation that the instability of C/\N/\C coordinated complexes 
may be related to the presence of mutually trans metalated carbon atoms, other 
compounds with such a coordination were investigated. The 2,6-diphenylpyridine 
(dppy) complex [Ir( tpybae)( dppy) t 124 was prepared by an adaptation of the convent-
ional route to bis-terpyridine complexes (see Section 1.2.1.1). Reaction of 4-(2,2':6',2"-
terpyridin-4'-yl)benzoic acid ethyl ester (tpybae) with iridium trichloride trihydrate in 
ethylene glycol gave the intermediate compound Ir(tpybae)Ch. Although some 
transesterification forming the ethylene glycol derivative contaminates the product, 
attempts at lower temperatures in 2-ethoxyethanol resulted in incomplete reaction. 
Subsequent heating with 2,6-diphenylpyridine in ethylene glycol at 196°C followed by 
chromatographic separation resulted in the desired complex in 4% yield (Scheme 28). 
R R' 
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Scheme 28. Synthesis of [Ir(tpybae)(dppy)t 124 by a two-step route. 
During the course of this work, the preparation of complex 34 was reported in 
38% yield via an analogous procedure. The improvement in yield is probably due to the 
absence of ester functionality. It is interesting to note that although both complexes 
possess a mutually trans pair of Ir-C bonds, there is no evidence for any thermal or 
photochemical instability. This suggests that the labilisation of such bonds in 
Ir(dpydmb)(dppy) 108 and mer-Ir(ppY}3 27 derivatives is activated by the presence of a 
third cyc10metalating carbon atom in the coordination sphere of the metal. 
Another trans bis-cyc1ometalated complex, [Ir( dpydmb )2t 125 was prepared by 
reaction of the chloride-bridged intermediate compound [lr(dpydmb)CI(J.l-CI)h with 
potassium carbonate and a second equivalent of ligand in ethylene glycol at 196°C for 
24 hours. Although obtained only in low yield (11 %), no instability upon column 
chromatography was observed. 
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4 Photophysical and computational 
iridium(lIl) complexes 
studies of 
4.1 Photophysical properties 
4.1.1 Ir(NACAN)(CANAC) complexes 
The ground-state absorbance spectra of Ir(dpydmb)(dppy) 108, 
Ir(dpydmb)(F4dppy) 110 andfac-Ir(ppY)3 26 in acetonitrile solution are shown in Figure 
19 (summarised in Table 11). They all show intense bands in the near-UV region 
between 240 and 300 nm assigned to spin-allowed 11t-1t * transitions of the ligands. 
These are accompanied by a series of weaker, lower energy features extending well into 
the visible region, assigned to both allowed and spin-forbidden metal-to-ligand charge 
transfer (MLCT) bands. The bis-terdentate complexes show significantly lower energy 
MLCT bands than the tris-bidentate fac-Ir(ppY)3 26 and mer-Ir(ppY)3 27 (which exhibit 
similar absorbance spectra to one another 12 I). This is attributed to a lowering in energy 
of the acceptor ligand 1t * -orbitals upon increased delocalisation across three aromatic 
rings. The MLCT transitions of the fluorinated Ir(dpydmb)(F4dppy) 110 complex are 
blue-shifted with respect to Ir(dpydmb)(dppy) 108, due to stabilisation of the HOMO as 
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Figure 19. Ground-state absorbance spectra of Ir(dpydmb)(dppy) 108 (s?lid 
line), Ir(dpydmb)(F4dppy) 110 (dashed line) andfac-Ir(p~Yh 26 (dotte~ h?e) 
in acetonitrile solution at 295 K. Also shown is the luminescence excItat~on 
spectrum of Ir(dpydmb)(dppy) 108 (dash-dotted line, displaced for clarity, 
Aem = 600 nm). 
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Complex 
Ir(dpydmb)(dppy) 108 
244 (53 900), 269 (46 900), 349 (7 700), 
378 (6 900), 406 (6 500), 458 (5 500), 
481 (6800),510 (7 300). 
240 (12 300), 265 (12 000), 290 (6 200), 
Ir(dpydmb)(F4dppy) 110 304 (5 300),334 (2 100),360 (1 500), 
385 (1 400), 447 (1 400), 464 (1 600), 487 (1 300). 
Table 11. Absorbance data for Ir(N"C"N)(C"N"C) complexes in acetonitrile 
solution at 295 K. 
The room temperature emISSIon spectra of Ir(dpydmb)(dppy) 108, 
Ir(dpydmb)(F4dppy) 110 andfac-Ir(ppY)3 26 in acetonitrile solution are shown in Figure 
20. All complexes are strongly luminescent in degassed solution, with luminescence 
excitation spectra comparable to the absorbance spectra in each case (see Figure 19 for 
Ir( dpydmb)( dppy) 108). Emission spectra are comprised of a single, broad, structureless 
band, typical of phosphorescence from an MLCT triplet state. This assignment is 
supported by TD-DFT calculations, although it is shown to be mixed with significant 
amounts of ligand centred (LC) and some ligand-to-ligand charge transfer (LLCT) 
character (see Section 4.2). The Ir(dpydmb)(dppy) 108 luminescence ("-max = 585 nm) is 
noticeably red-shifted with respect to fac-Ir(ppY)3 26 ("-max = 528 nm). This batho-
chromic shift is attributed to a lowering of the ligand 1[* orbital energy upon the 
increased conjugation which accompanies the introduction of an additional pyridyl ring. 
Although it may be argued that the effect could arise from a destabilisation of the 
predominantly metal-based HOMO upon the introduction of two mutually trans Ir-C 
bonds, no significant shift is observed for mer-Ir(ppY)3 27 (512 nm compared to 510 nm 
for the fac-isomer in the same solvent121). The blue-shift in emission upon 4,6-difluorin-
ation (Ir(dpydmb)(F4dppy) 110, "'max = 547 nm) is analogous to the hypsochromic shift 
observed for fac-Ir(46dfppY)3. 121 This is attributed to an increased stabilisation of the 
HOMO compared to the LUMO upon introduction of the inductively electron-
withdrawing fluorine atoms, as was concluded from the absorption spectrum. Molecular 
orbital plots from DFT calculations substantiate this interpretation, since the LUMO is 
almost entirely localised on the unsubstituted dpydmb ligand, while the HOMO has a 
significant portion on the dppy moiety (see Section 4.2.2). 
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Figure 20. Emission spectra of Ir(dpydmb)(dppy) 108 (solid line, 
lex = 481 nm), Ir(dpydmb)(F4dppy) 110 (dashed line, lex = 447 nm) and fac-
Ir(ppyh 26 (dotted line, Aex = 400 nm) in acetonitrile solution at 295 K. 
Excitation and emission bandpasses were 2.5 nm. 
Luminescence data for Ir(dpydmb)(dppy) 108, Ir(dpydmb)(F4dppy) 110 andfac-
Ir(ppY)3 26 are summarised in Table 12. The luminescence of Ir(dpydmb)(dppy) 108 
and Ir(dpydmb)(F4dppy) 110 is strongly quenched by oxygen, but in degassed aceto-
nitrile solution the luminescence quantum yields of 0.21 and 0.41 respectively are quite 
high. While Ir(dpydmb)(dppy) 108 is approximately half as emissive as the relatedfac-
Ir(ppY)3 complexes, a decrease in efficiency is not unexpected. According to the energy 
gap law,19 for a homologous series of complexes, a red-shift in emission (as observed in 
the present case) is likely to be accompanied by a decrease in the luminescence quantum 
yield. Luminescence quantum yields of both Ir(N/\C/\N)(C/\N/\C) complexes are 
however substantially higher than those for mer-Ir(ppY)3 derivatives,121 which 
incorporate the same meridional coordination geometry. 
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Complex Am ax CIE coordinates Inm 
Aerated Degassed 
<l>a l Ins <l>a l Ins 
Ir(dpydmb)(dppy) 10Sg 585 x=0.55, y=0.45 0.0013b 77e 0.21 b 3800e 
Ir(dpydmb)(F4dppy) 11~ 547 x=0.43, y=0.55 0.0036c <100 0.41 c 3700' 
fac- Ir(PPY)3 g 528 x=0.36, y=0.59 
fac-Ir(ppY)3h 121 510 0.40 1900 
mer-Ir(ppY)3h 121 512 0.036 150 
fac-Ir(46dfppY)3h 121 450 0.43 1600 
mer-Ir(46dfppY)3h 121 460 0.053 210 
aQuant~m yields of emission, 295 K, measured using an aqueous solution of [RU(bPY)3]2+ as a standard;40o 
uncertamty ±20%. bAex = 458 nm. cAex = 447 nm. dLifetimes of emission, Aex = 355 nm, 295 K; uncertainty 
±5%. eMonitored at 580 nm. fMonitored at 570 nm. gMeasurements in CH3CN hMeasurements in CH2Ch 
Table 12. Luminescence data for Ir(dpydmb)(dppy) lOS, 
Ir(dpydmb)(F4dppy) 110 andfac-Ir(ppY)J 26 in acetonitrile solution. Data for 
the fac- and mer-isomers of Ir(ppY)J and Ir( 46dfppyh in dichloromethane 
solution are included for comparison.121 
The poor luminescence efficiency of mer-Ir(ppY)3 derivatives was attributed to a 
competing mer-to-fac photoisomerisation process, also accounting for the particularly 
short emission lifetimes. 121 Assuming that formation of the emissive state is efficient, 
one may calculate the radiative (kr) , non-radiative (Iknr) and oxygen-quenching (kq) 
decay rate constants by application of equations 13 and 1419 (where <l> and T are the 
luminescence quantum yields and lifetimes respectively, and [02] is the concentration of 
oxygen in solution). Whilstfac- and mer-Ir(ppY)3 derivatives have similar radiative rate 
constants, the non-radiative rate constants are more than an order of magnitude greater 
for the meridional isomers (see Table 13). This is due to the additional mer-to-fac 
photoisomerisation process present for these complexes. For Ir(dpydmb)(dppy) 108 and 
Ir(dpydmb)(F4dppy) 110, the non-radiative rate constants are of a comparable magni-
tude to those for fac-Ir(ppY)3 26, suggesting that photodecomposition processes are not 
of major significance under typical irradiation. Instead, luminescence quantum yields 
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Complex kr / S -\ a Iknr / s -\ a kq / dm3 mol-I s -I b 
Ir( dpydmb )( dppy) 108 5.5 x 104 2.1 x 105 1.4 x 109 
Ir(dpydmb)(F4dppy) 110 1.1 x 105 1.6 x 105 1.1 x 109 
fac- Ir(ppY)3 121 2.1 x 105 3.2 x 105 
mer-Ir(ppY)3 121 2.4 x 105 6.5 x 106 
fac- Ir( 46dfppY)3 121 2.7 x 105 3.6 x 105 
mer-Ire 46dfppY)3 121 2.5 x 105 4.5 x 106 
aEstimated uncertainty ±20%. bEstimated uncertainty ± 1 0%. 
Table 13. Radiative, non-radiative and bimolecular oxygen quenching decay 
rate constants for Ir(dpydmb)(dppy) 108 and Ir(dpydmb)(F4dppy) 110 in 
acetonitrile solution at 295 K. Data for the fac- and mer-isomers of Ir(ppY)3 
and Ir( 46dfppyh 121 are included for comparison. 
Although rates of photodecomposition are likely to be small, such processes 
were observed for Ir(dpydmb)(dppy) 108 under intense irradiation (Xe discharge lamp). 
1 H NMR spectroscopic analysis following irradiation in acetonitrile solution indicates 
that the major compound present is [Ir(dpydmb)(dppyH)Lt 109, the result of cleavage 
of one of the mutually trans Ir-C bonds. Whereas mer-Ir(ppY)3 and its derivatives are 
converted to the fac-form following such a dissociation,121 the terdentate nature of the 
ligands in Ir(dpydmb)(dppy) 108 prohibit such an isomerisation. 
The solvent-dependence of the rate of photodecomposition was investigated, 
with the results illustrated in Figure 21, which shows the degassed emission spectra 
following five minutes irradiation, normalised to a peak intensity of 1.0 prior to irradi-
ation. It is suggested that the observed trend is related to the ability of the solvent to 
solvate the sixth site of the complex. Whilst the smaller dichloromethane and aceto-
nitrile molecules may solvate this site well, the larger THF and toluene molecules are 
hindered in their approach to this site, impeding the decomposition. Fortunately, there is 
no sign of decomposition when irradiated in the solid-state, suggesting that stability 
when incorporated into electroluminescent devices will not be compromised. Although 
the fluorinated derivative Ir( dpydmb )(F 4dppy) 110 still photodegrades under prolonged 
irradiation in solution, the rate is significantly decreased, with a significant proportion 
of the emission intensity retained after irradiation for one hour in acetonitrile solution. 
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Figure 21. Emission spectra of Ir(dpydmb)(dppy) 108 in dichloromethane 
(solid line, Aex = 484 nm), acetonitrile (long dashed line, Aex = 481 nm), THF 
(dotted line, Aex = 484 nm) and toluene (short dashed line, Aex = 485 nm) 
following intense irradiation for five minutes. All spectra are normalised to a 
peak intensity of 1.0 prior to irradiation. 
4.1.2 Ir(NACAN)(CAN)CI complex 
The ground-state absorbance spectrum of Ir(dpydmb)(ppy)CI 115 in acetonitrile 
solution is compared to that of Ir(dpydmb)(dppy) 108 in Figure 22 (data summarised in 
Table 14). For Ir(dpydmb)(ppy)CI115, a number of bands are observed below -300 nm 
due to In-n * transitions of the ligands, and a series of weaker bands extending into the 
visible region assigned to metal-to-ligand charger transfer (MLCT) transitions. These 
are blue-shifted with respect to Ir(dpydmb)(dppy) 108 due to a lowering of the HOMO 
upon substitution of a cyclometalating carbon atom with a much weaker field chloride 
ligand. 
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~igure 22. Ground-state absorbance spectra of Ir(dpydmb)(ppy)CI115 (solid 
hne) and Ir(dpydmb)(dppy) 108 (dashed line) in acetonitrile solution at 
295 K. Also shown is the low energy portion of the luminescence excitation 
spectrum of Ir(dpydmb)(ppy)CI 115 (dash-dotted line, displaced for clarity, 
Aem = 507 nm). 
Complex 
239 (44 700), 258 (39 700), 285 (37000), 
Ir(dpydmb)(ppy)CI115 353 (6200), 369 (7 800), 399 (10 000), 
417 (11 300), 455 (3 600), 492 (1 300). 
Table 14. Absorbance data for Ir(dpydmb)(ppy)CI 115 in acetonitrile 
solution at 295 K. 
The room temperature emlSSlOn spectrum of Ir(dpydmb)(ppy)CI 115 in 
acetonitrile solution is shown in Figure 23, with the luminescence excitation spectrum 
(matching the absorbance spectrum) shown in Figure 22. In contrast to 
Ir(dpydmb)(dppy) 108 andJac-Ir(ppY)3 26, Ir(dpydmb)(ppy)CI115 exhibits structured 
luminescence at ambient temperature. The emission is significantly blue-shifted with 
respect to Ir(dpydmb)(dppy) 108, and is comparable in energy to that ofJac-Ir(ppY)3 26. 
A blue-shift is consistent with a lowering of the HOMO upon substitution of a relatively 
strong field cyclometalating carbon with a chloride, whilst the dpydmb-based LUMO is 
unchanged. The observation of a more structured emission with a decreased Stokes' 
shift (16 nm compared to 75 nm· for Ir(dpydmb)(dppy) 108, in acetonitrile solution at 
295 K) is indicative of an increase in ligand-centred (LC) character. Therefore the 
• Stokes' shift measured as the difference between the wavelength of maximum emission and that of the 
lowest energy absorption band. 
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emission is assigned to a mixed MLCT(Ir---+dpydmb)-LC(dpydmb n-n*) excited state, 
reflecting the lowering of the predominantly metal-based HOMO in Ir(dpydmb)(dppy) 
108 to a similar energy as that of the dpydmb ligand n-orbital. 
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Figure 23. Emission spectrum of Ir(dpydmb)(ppy)CI 115 (solid line, 
Aex = 456 nm) in acetonitrile solution at 295 K. Excitation and emission 
bandpasses were 2.5 nm. The emission spectrum of Ir(dpydmb)(dppy) 108 
(dashed line) is included for comparison. 
Luminescence data for Ir(dpydmb)(ppy)CI 115 is summarised in Table 15. The 
luminescence quantum yield in degassed acetonitrile solution is much greater than that 
for either Ir(dpydmb)(dppy) 108 (<I>PL = 0.21) or Jac-Ir(ppY)3 26 (<I>PL = 0.40 in 
toluene 113). Application of equations 13 and 14 establish that this improvement is due to 
a combination of an increased radiative rate constant (kr = 4.8 x 105 S -1) and a decreased 
non-radiative contribution (Iknr = 1.5 x 105 s -1). The latter is well known for a blue-
shift in emission maximum, where the energy-gap law predicts a decrease in the non-
radiative rate constant. 19 
Amax Aerated Degassed Complex CIE coordinates Inm <I> Tins <I> Tins 
Ir(dpydmb)(ppy)CI115 508 x=0.29, y=0.64 0.016Q <100b 0.76Q 1600b 
°Quantum yields of emission, ~x = 259 nm, 295 K, measured using an aqueous solution of 
[Ru(bpY)3f+ as a standard;4°O uncertainty ±20%, bLifetimes of emission monitored at 700 nm, 
Acx = 355 nm, 295 K; uncertainty ±5%, 
Table 15. Luminescence data for Ir(dpydmb)(ppy)CI115 in acetonitrile solution. 
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4.1.3 Ir(NACAN)(CANAO) complexes 
The ground-state absorbance spectra of Ir(dpydmb) (tppic) 116 and 
Ir( dpydmb )(hbqc) 117 in acetonitrile solution are shown in Figure 24 (data summarised 
in Table 16). There are a series of bands in the near-UV region between 240 and 
300 nm, assigned to spin-allowed I1t_1t * transitions of the ligands. In addition, a set of 
weaker features stretch out well into the visible region, assigned to both allowed and 
spin-forbidden metal-to-ligand charge transfer (MLCT) bands. The significant blue-shift 
with respect to Ir(dpydmb)(dppy) 108 may be explained by the fact that the third Ir-C 
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Figure 24. Ground-state absorbance spectra of Ir(dpydmb)(tppic) 116 and 
Ir(dpydmb)(bbqc) 117 in acetonitrile solution at 295 K. 
Complex 
242 (32 800), 273 (35 700), 290 (30 400), 
Ir(dpydmb)(tppic) 116 337 (13 500),393 (6900),429 (6 700), 
459 (4 300), 489 (1 700). 
245 (34 500), 290 (16 600), 315 (10 400), 
Ir(dpydmb)(hbqc) 117 341 (6500),363 (5 900), 393 (4 900), 
428 (4 600), 459 (2 800), 492 (1 100). 
Table 16. Absorbance data for Ir(NACAN)(CANAO) complexes in acetonitrile 
solution at 295 K. 
The room temperature emISSIOn spectra of Ir(dpydmb)(tppic) 116 and 
Ir(dpydmb)(hbqc) 117 in acetonitrile solution are shown in Figure 25. Both show a 
broad, structureless emission, typical of phosphorescence from MLCT triplet states, 
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with luminescence excitation spectra matching those of absorption. The results of DFT 
calculations (see Section 4.2) however, suggest that there is a significant amount of 
dpydmb----+tppic and dpydmb----+hbqc ligand-to-ligand charge transfer (LLCT) as well as 
ligand centred (LC) character in each case. The Ir( dpydmb )(hbqc) 117 emission 
("-max = 562 run) is blue-shifted with respect to Ir(dpydmb)(dppy) 108 ("-max = 585 run) 
due to the reduction in number of the strong-field cyclometalating carbon atoms, and 
hence a lower HOMO energy (as concluded from the absorption spectrum). In contrast, 
emission from Ir(dpydmb)(tppic) 116 ("-max = 603 run) is significantly red-shifted, even 
though the absorption spectra of both Ir(N/\C/\N)(C/\N/\O) complexes are comparable. 
This is probably related to the introduction of the p-tolyl substituent. Whereas the 
HOMO-LUMO gap is similar in the ground state, an additional stabilisation is possible 
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Figure 25. Emission spectra of Ir(dpydmb)(tppic) 116 (solid line, 
Aex = 489 nm) and Ir(dpydmb)(hbqc) 117 (dashed line, Aex = 459 nm) in 
acetonitrile solution at 295 K. Excitation and emission band passes were 
2.5 nm and 4.0 nm for each complex respectively. 
Luminescence data for Ir( dpydmb )(tppic) 116 and Ir( dpydmb )(hbqc) 117 are 
summarised in Table 17. The lifetimes of emission in degassed acetonitrile solution are 
very short, reflected in the particularly low luminescence quantum yields. Calculation of 
the radiative and non-radiative decay rate constants (see Table 18) shows that the poor 
efficiency of emission is due to rapid non-radiative processes, more than an order of 
magnitude faster than for the Ir(N/\C/\N)(C/\N/\C) complexes. While the increase in 
LLCT character of the emissive state may be argued to be responsible for the poor 
luminescence efficiency, this is shown for complexes of the form Ir(N/\N/\N)(C/\N/\Ct 
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to be manifested in a low radiative decay rate constant (kr) (see Section 4.1.4), which is 
not the case in this instance. Instead, the large non-radiative decay rate constant (knr) is 
attributed to a photochemical cleavage of the Ir-Q bond in the excited state, analogous 
to that of the Ir-C bond of Ir(dpydmb)(dppy) 108 resulting in decomposition, and to 
that of mer-Ir(ppY)3 27121 resulting in isomerisation to the fac-isomer. Whereas this 
process is irreversible for Ir-C bonds, no decomposition is observed for 
Ir(dpydmb)(tppic) 116 or Ir(dpydmb)(hbqc) 117 upon intense irradiation. Therefore it is 
concluded that Ir-Q bond dissociation is reversible, allowing re-formation of the 
original complex subsequent to non-radiative relaxation to the ground state. 
Amax Aerated Degassed Complex CIE coordinates Inm <l>a 
-I Ins <l>a -I Ins 
Ir( dpydmb)( tppic) 116 603 x=0.52, y=0.47 0.0092b 3ge 0.053b Il0e 
Ir( dpydmb )(hbqc) 117 562 x=0.48, y=0.51 0.0043c <lOaf 0.027c 17af 
aQuantum yields of emission, 295 K, measured using an aqueous solution of [Ru(bpY)3f+ as a standard;40o 
uncertainty ±20%. bAex = 450 nm. c/...ex = 459 nm. dLifetimes of emission, /...ex = 355 nm, 295 K; 
uncertainty ±5%. eMonitored at 600 nm. fMonitored at 560 nm. 
Table 17. Luminescence data for Ir(dpydmb)(tppic) 116 and 
Ir(dpydmb)(hbqc) 117 in acetonitrile solution. 
Complex 
Ir(dpydmb)(tppic) 116 
Ir( dpydmb )(hbqc) 117 
4.8 X lOs 
1.6 X 105 
8.6 x 106 
5.7 x 106 
k I dm3 mol-1 S-1 b q 
1.8 x 109 
c 
aEstimated uncertainty ±20%. bEstimated uncertainty ± 1 0%. 'Not calculated due to the inaccuracy in 
determining the aerated lifetime (see Table 17). 
Table 18. Radiative, non-radiative and bimolecular oxygen quenching decay 
rate constants for Ir(dpydmb)(tppic) 116 and Ir(dpydmb)(hbqc) 117 in 
acetonitrile solution at 295 K. 
4.1.4 Ir(NANAN)(CANAC)+ complexes 
The ground-state absorbance spectrum of [Ir(tpybae)(dppy)t 124 is shown in 
Figure 26, and summarised in Table 19 along with [Ir(BrC6H4-terpy)(tdppy)t 34135 for 
comparison. There are three strong absorptions in the UV region at 235 nm, 282 nm and 
312 nm assigned to ligand-centred (LC) In_n * transitions. In addition, a number of bands 
(439 nm, 477 nm and 510 nm) extend into the visible region. These are tentatively 
assigned as MLCT in nature, although it has been shown by DFT calculations that these 
bands in 34 have a significant amount of dppy~terpy character. 135 The shapes of the 
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absorption spectra for [Ir(tpybae)(dppy)t 124 and 34 are very similar, with a small red-

























Figure 26. Ground-state absorbance spectrum (solid line) and luminescence 
excitation spectrum (dash-dotted line, displaced for clarity, Aem = 710 nm) of 
[Ir(tpybae)(dppy)t 124 in acetonitrile solution at 295 K. 
Complex 
[Ir(tpybae)(dppy)t 124 235 (16000),282 (15 500),312 (10 600), 
439 (2 700), 477 (2 100), 510 (1 700). 
34135 284 (97 500), 320 (66 000), 437 (25 500), 484 (21 200), 520 (19 100). 
Table 19. Absorbance data for Ir(NANAN)(CANACt complexes in 
acetonitrile solution at 295 K. 
The room temperature emission spectrum of [Ir(tpybae)(dppy)t 124 in aceto-
nitrile solution is shown in Figure 27, with the close match between luminescence excit-
ation and absorbance spectra shown in Figure 26. The emission is assigned as MLCT 
with a substantial LLCT character by analogy with 34. 135 Compared with bis-cyclo-
metalated complexes of the form Ir(CAN)2(NAN/, emission from Ir(NANAN)(CANACt 
derivatives is at substantially lower energy (e.g. compared to "-max = 613 nm for 
[Ir(ppyh(bpy-Ph)] in acetonitrile solution4ol ). This is due to a lowering of the ter-
pyridine 1[* based LUMO resulting from increased delocalisation across the terdentate 
ligand. The emission maximum of [Ir(tpybae)(dppy)t 124 ("-max = 707 nm) is slightly 
red-shifted with respect to 34 (A'max = 690 nm). Since an increase in either metal or dppy 
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1t orbital energy is unlikely, this is attributed to a lowering of the terpyridine 1t. orbital 
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Figure 27. Emission spectrum of [Ir(tpybae)(dppy)t 124 (Aex = 343 nm) in 
acetonitrile solution at 295 K. Excitation and emission bandpasses were 
4.0 nm. 
Luminescence data for [Ir(tpybae)(dppy)t 124 and 34135 are summarised in 
Table 20. The quantum yields of emission are significantly lower than for other similar 
bis-cyc1ometalated complexes (e.g. <l> = 0.14 for Ir(ppY)2(bpy-Ph)401). This is due to a 
particularly low radiative rate constant (e.g. compared to 2.7 x 105 S-1 for Ir(ppY)2(bpy-
NH2)402), with results of analysis using equations 13 and 14 shown in Table 21. As 
proposed for 34,135 this is likely to be attributable to the substantial LLCT character in 
the emissive state. 
Amax Aerated Degassed Complex CIE coordinates Inm <l> r Ins <l> r Ins 
[Ir(tpybae)(dppy)t 124 707 x=0.64, y=0.36 0.0018Q 240b 0.012Q 1700b 
34135 690 200 0.032 1700 
aQuantum yields of emission, "-ex = 259 nm, 295 K, measured using an aqueous solution of 
[Ru(bpY)3]2+ as a standard;40o uncertainty ±20%. bLifetimes of emission monitored at 700 nm, 
"-ex = 355 nm, 295 K; uncertainty ±5%. 
Table 20. Luminescence data for [Ir(tpybae)(dppy)t 124 in acetonitrile 
solution. Complex 34135 is included for comparison. 
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5.8 x 105 
5.7 x 105 
°Estimated uncertainty ±20%. bEstimated uncertainty ± 1 0%. 
3.9 x 108 
4.8 x 108 
Table 21. Radiative, non-radiative and bimolecular oxygen quenching decay 
rate constants for [Ir(tpybae)(dppy)t 124 and 34 in acetonitrile solution at 
295 K. 
4.1.5 Ir(NACAN)(NANAN)2+ complexes 
The ground-state absorbance spectra of [Ir(dpydmb)(terpy)f+ 105 and 
[Ir(dpydmb)(ttpy)]2+ 106 in acetonitrile solution are shown in Figure 28 (summarised in 
Table 22). Both spectra are very similar with a number of intense absorption bands at 
high energy assigned to ligand-centred (LC) transitions, with lower intensity metal-to-
ligand charge transfer (MLCT) bands between 350 and 400 nm. A series of very weak 
features only resolvable in concentrated solutions stretch out to lower energy. These are 
assigned as dpydmb~terpy ligand-to-ligand charge transfer (LLCT) bands on the basis 
of DFT calculations (see Section 4.2). Whereas the absorption bands of the previously 
discussed complexes have often been described as containing LLCT character, this was 
only as part of predominantly MLCT states. In this case the absorption bands are much 
weaker, a reflection of the fact that the HOMO has very little metal character, and that 
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Figure 28. Ground-state absorbance spectra of [Ir(dpydmb)(terpy)]2+ 105 
(solid line) and [Ir(dpydmb)(ttpy)]2+ 106 (dashed line) in acetonitrile solution 
at 295 K. Also included is the low energy portion of the luminescence 
excitation spectrum of [Ir(dpydmb)(terpy)]2+ 105 in an ethanol/methanol (4:1 
by volume) glass at 77 K (dotted line, offset for clarity, Aem = 501 nm). 
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Complex 
[Ir(dpydmb)(terpY)f+ 105 
244 (33 700),261 (38 500), 270 (35 300), 
282 (32 800), 298 (26 000), 311 (25 400), 
335 (13 100), 377 (10 100), 435 (700), 
465 (500). 
264 (52 900), 283 (45 100), 301 (39 900), 
[Ir(dpydmb)(ttpy)f+ 106 316 (36 700), 361 (20300),377 (21 600), 
435 (1 500), 463 (1 000). 
Table 22. Absorbance data for Ir(N "C" N)(N" N" N)2+ complexes in aceto-
nitrile solution at 295 K. 
In contrast to all other complexes investigated in the present work, those of the 
form Ir(N"C"N)(N"N"N)2+ are virtually non-emissive at room temperature (<1> < 0.001 
in degassed acetonitrile solution). Even at 77 K, [Ir(dpydmb)(terpy)]2+ 105 is only 
weakly emissive, exhibiting a highly structured luminescence at high energy 
(Amax = 502 nm) (see Figure 29). The emission is attributed to a dpydmb~terpy LLCT 
emissive state. Since there is likely to be a large deviation in molecular structure in 
states of an LLCT nature, the emission efficiency may be expected to be poor. Hence, 
the unusually small amount of MLCT character in the emissive states of 
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Figure 29. Emission spectrum of [Ir(dpydmb)(terpy)]2+ 105 O--ex = 370 nm) in 
an ethanol/methanol (4:1 by volume) glass at 77 K. Excitation and emission 
bandpasses were 10.0 nm and 5.0 nm respectively. 
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Complexes of iridium(III) with an NsC donor set are very uncommon. The only 
reported polypyridyl complexes with such a coordination arrangement are [Ir(bpy-
N ,N'h(Hbpy-C3 ,N')]3+, 104 [lr(bpY)2(ppy)]2+ IS0,403 and the bis-terdentate [lr(bmpqpyH-
NI\NI\N)(bmpqpy-NI\NI\C)]2+.129 Although quantum yield measurements were not 
reported for [Ir(bpy )2(PPy) ]2+, there was no suggestion that emission was particularly 
weak. 1SO The related complex [lr(bpy-N,N')2(Hbpy-C3,N')]3+ is in fact reported to have a 
high quantum yield of 0.30.104 In contrast, the bis-terdentate mono-cyclometalated 
complex [lr(bmpqpyH-NI\NI\N)(bmpqpy-NI\NI\C)f+ exhibits a luminescence quantum 
yield of only 0.005 in deoxygenated acetonitrile solution,129 more consistent with the 
behaviour observed for [Ir(dpydmb)(terpy)f+ 105. 
4.2 Computational studies 
In conjunction with photophysical studies of iridium(III) complexes (see Section 
4.1), a number of structures were investigated by computational techniques. The 
objective of these calculations is to provide an insight into the structural and spectro-
scopic properties of potentially luminescent iridium(III) compounds. 
While empirical molecular mechanics404 and semiempirical40s methods have 
found utility in calculations on transition metal complexes, the requirement for suitable 
parameterisation has limited their use. More common are ab initio techniques, in 
particular Hartree-Fock (HF) methods, which can provide reasonable results for second 
and third row transition metals.406 These however become increasingly impractical with 
increasing number of atoms, and density functional theory (DFT) calculations are 
favoured for their similar accuracy at a reduced computational cost as well as their 
. I' f I I' f~ t 406-409 Inc USIOn 0 e ectron corre atIOn e lec s. 
Accuracy has reached the stage where DFT calculations may be used almost 
routinely in combination with experimental studies of transition metal complexes. The 
common OLED material Alq3 1 has been studied by a number of groups with reason-
able correlation with experiment.410-414 Cyclometalated iridium(III) complexes have also 
b . . d f . I' h fi d' f I (P ) 121,142 een InvestIgate ,0 particu ar Interest t e ac- an mer-Isomers 0 r py 3· 
• C I (p ) 121,142 th "h b 'd" In the present study, as for prevIOUS reports lor r py 3, e Y n 
B3L YP density functional is used throughout. The 6-31 G basis set is employed for all 
ligand atoms, with LANL2DZ41S used for the iridium(III) atom. Due to the large 
number of electrons associated with the iridium(III) centre, the chemically inert inner 
core electrons are replaced with an effective core potential (ECP). Since these electrons 
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are not involved in bonding, very little loss in accuracy is incurred with a large decrease 
in calculation time. The more significant outer core [(5si(5p)6] and valence (5d)6 
electrons are still included. 
4.2.1 Ground-state structures 
The optimised ground-state structure of jac-Ir(ppY)3 26 is shown in Figure 30. 
Although no X-ray diffraction studies of this complex have been published, the DFT 
calculations of Hayl42 and the crystal structure of jac-Ir(tpY)3 112 may be used for 
comparison. The calculated Ir-N bond length of the present study (2.167 A) is identical 
to that of Hay, and only slightly longer than the experimentally observed value 
(2.132(5) A 112). Similar good agreement is obtained for the Ir-C bond length (2.036 A) 
compared to Hay (2.035 A 142) and experiment (2.024(6) A 112). Correlation with the 
results of Hay is unsurprising since only the starting geometries differ, but comparison 
with experiment suggests that DFT calculations at this level provide reasonable ground-
state geometries. 
Figure 30. Optimised ground-state geometry ofJac-Ir(ppy)J 26. 
The results of optimised ground-state geometry calculations for the 
Ir(NI\CI\N)(CI\NI\C) complexes, Ir(dpydmb)(dppy) 108, Ir(dpydmb)(F4dppy) 110 and 
Ir(dpydmb)(cdppy) 111 are summarised in Table 23. All structures exhibited the 
expected distorted octahedral geometry with a meridional arrangement of donor atoms. 
While the Ir-C(dpydmb) bonds are shorter than those ofjac-Ir(ppY)3 26 (2.036 A) due 
to the geometric constraints of terdentate binding, the Ir-C(dppy) bonds are signific-
antly longer. Although it may be argued that this is also due to geometric constraints, it 
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should be noted that these are of a comparable length to those calculated for the 
mutually trans Ir-C bonds of mer-Ir(ppY)3 27 (2.110 and 2.094 A 142) where there are 
no such restrictions. Instead this is attributed to the strong trans-influence of a cyclo-
metalating ligand. Similarly, the mutually trans nitrogen atoms of the dpydmb ligand 
are closer to the metal than for Jac-Ir(ppY)3 26 due to the smaller trans-influence of an 
N-donor ligand, mirrored in similar lengths for the analogous atoms of mer-Ir(ppY)3 27 
(2.063 and 2.080 A 142). 
It is interesting to note that there is very little structural variation upon 
derivatisation of the dppy ligand in Ir( dpydmb )( dppy) 108, with the exception of a small 
(~0.01 A) decrease in the Ir-C(dppy) bond length upon fluorine substitution. Although 
within the absolute error, this difference is significant with respect to the other 
calculations. This suggests an increase in stability of this bond with respect to the parent 
complex, consistent with experimental observations (see Section 3.2). 
Complex 
NI\CI\N fragment 
Ir-C / A Ir-N / A 
Ir(dpydmb)(dppy) 108 1.943 
Ir(dpydmb)(F4dppy) 110 1.949 












Table 23. Calculated metal-ligand bond lengths for Ir(N"C"N)(C"N"C) 
complexes. 
A similar companson IS shown in Table 24 for the Ir(NI\C"N)(CI\NI\O) 
complexes Ir(dpydmb)(tppic) 116 and Ir(dpydmb) (hbqc) 117. Although the 
Ir-N( dpydmb) bond lengths are similar to those of the complexes discussed above, the 
Ir-C( dpydmb) bonds are approximately 0.05 A longer. A less pronounced shortening 
(~0.03 A) is observed for the opposing Ir-N(CI\NI\O) bond. This is accompanied by a 
simultaneous reduction of the Ir-C(CI\NI\O) bond length with respect to those of the 
dppy ligand. This is due to the loss of a mutually trans Ir-C bond, and replacement with 
a relatively low trans-influence Ir-O bond. Comparison of the ground-state structures 
of Ir(dpydmb)(tppic) 116 and Ir(dpydmb)(hbqc) 117 indicate that the only significant 
differences are a shortening of the Ir-C(CI\NI\O) and lengthening of the Ir-O(CI\NI\O) 
bond in the latter. This shift in the angle of the ligand with respect to the metal centre is 
due to the increased rigidity of the hbqc ligand upon introduction of the bridging 
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aromatic ring. Whereas the tppic ligand may distort to accommodate a more symm-
etrical binding arrangement, this is not possible for the hbqc complex. 
Complex 
N"C"N fragment C"N"O fragment 
Ir-C / A Ir-N / A Ir-C / A Ir-N / A Ir-O / A 
Ir(dpydmb)(tppic) 116 1.995 2.063 2.039 2.085 2.218 
Ir(dpydmb)(hbqc) 117 1.995 2.063 2.053 2.088 2.245 
Table 24. Calculated metal-ligand bond lengths for Ir(N "C" N)(C" N "0) 
complexes. 
A comparison of bond lengths for two alternative binding modes of the dinpy 
ligand of Ir(dpydmb) (dinpy) is shown in Table 25. It is interesting to note that while the 
structures are remarkably similar, the dinpy ligand is slightly further from the metal 
when it is bound through two cyc10metalating carbon atoms. This is again due to the 
unfavourable arrangement of mutually trans Ir-C bonds. The increased distance 




Ir-C / A Ir-N / A 
N"N"N 123 1.959 2.065 
2.061 C"N"C 122 1.943 
dinpy fragment 





Table 25. Calculated metal-ligand bond lengths for two coordination modes 
of Ir( dpydmb)( dinpy). 
The calculated bond lengths for the [Ir( dpydmb) (terpy) J2+ complex 105 are 
shown in Table 26, along with those for [lr(terpy)2]3+ 21 and the values from the crystal 
structure of [Ir(dpydmb)(ttpy)]2+ 106 (see Section 3.2). Reasonable agreement is found 
between the relative values for calculated and experimental bond lengths, although 
those from DFT calculations are consistently higher. As expected by the presence of a 
strong trans-influence Ir-C bond, the opposing Ir-N bond length is significantly longer 
in the cyclometalated complex with respect to [lr(terpy)2]3+ 21. In addition, a slight 
shortening of the Ir-N(peripheral) bonds results from this geometry. 
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Complex 
N"'C"'N fragment 
Ir-C / A Ir-N / A 
N"'N"'N fragment 
Ir-N(central) / A Ir-N(periph.) / A 
[Ir( dpydmb )(terpy)]2+ 105 1.986 2.089 
[Ir(terpy)2]3+ 21 









Table 26. Calculated metal-ligand bond lengths for [Ir(dpydmb)(terpy)]2+ 
105 and [Ir(terpYh]3+ 21. Also shown for comparison are the respective bond 
lengths from the X-ray crystal structure of [Ir(dpydmb)(ttpy)]2+ 106. 
4.2.2 Molecular orbitals 
In addition to structural information, ground-state DFT calculations provide 
information on the molecular orbital shapes and, although absolute values should not be 
relied upon too heavily, orbital energies. This is summarised for Jac-Ir(ppY)3 26, 
Ir(dpydmb)(dppy) 108, Ir(dpydmb)(F4dppy) 110 and Ir(dpydmb)(cdppy) 111 in Figure 
31 and Table 27. Contour plots of the HOMO and LUMO are shown forJac-Ir(ppY)3 26 
and Ir(dpydmb)(dppy) 108 in Figures 32 and 33 respectively. 
Ir(ppYh Ir(dpydmb) Ir(dpydmb) Ir(dpydmb) 
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Figure 31. Schematic diagram of calculated molecular orbital energies for 
jac-Ir(ppy)J 26, Ir(dpydmb)(dppy) 108, Ir(dpydmb)(F4dppy) 110 and 
Ir(dpydmb)(cdppy) 111. 
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Orbital Character Energy / eV 
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-
Table 27. The three highest occupied and three lowest virtual (unoccupied) 
molecular orbitals of jac-Ir(ppy)J 26, Ir(dpydmb)(dppy) 108, 
Ir(dpydmb)(F4dppy) 110 and Ir(dpydmb)(cdppy) 111. 
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d1 (HOMO) * 1tl (LUMO) 
Figure 32. Contour plots of the HOMO and LUMO ofjac-Ir(ppY)3 26 . 
• 
dl (HOMO) * 1tl (LUMO) 
Figure 33. Contour plots of the HOMO and LUMO of Ir(dpydmb)(dppy) 108. 
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As may be expected for tris-cyclometalated d6 iridium(III) complexes, the three 
highest occupied molecular orbitals (HOMOs) are localised on the metal 5d orbitals. 
While these are designated "metal-based", it should be noted that there is a significant 
amount of ligand n character in each case. This is unsurprising considering that the 
cyclometalating Ir-C bonds are effectively covalent in nature. Even in [Ru(bpY)3f+ 
where coordination is solely through nitrogen atoms, DFT calculations have shown that 
the HOMO contains approximately 22% ligand character.416 Thus, although the term 
metal-to-ligand charge transfer (MLCT) is often used to describe the lowest energy 
electronic transitions in this class of compound, there is usually considerable ligand-
centred (LC) and ligand-to-ligand charge transfer (LLCT) character. An alternative 
classification is as a sigma-bond-to-ligand charge transfer (SBLCT) state, which 
accounts for the distribution of electron density across both the metal and metalating 
carbon atoms in the HOMO. 
Although orbital density in the LUMO ofjac-Ir(ppY)3 26 is evenly spread across 
all three ppy ligands, a change in geometry of the excited state may result in a 
localisation of electron density on a single ligand prior to emission. This has been 
shown to be the case for [Ru(bpY)3f+ by transient absorption pump-probe spectro-
scopy.143 
Due to the lowering of symmetry upon forming unsymmetrical bis-terdentate 
complexes (the highest order rotation axis is C2, compared to C3 for jac-Ir(ppY)3 26), the 
degeneracy of molecular orbitals observed for jac-Ir(ppY)3 26 is lost. An increase in 
de localisation in the ligands of Ir( dpydmb)( dppy) 108 results in a lowering in energy of 
the n * -orbitals with a corresponding raising of the n-orbitals. Introduction of electron-
withdrawing substituents has little effect on the shapes of the molecular orbitals, with an 
overall stabilisation of all MOs as expected. Although it is tempting to suggest that this 
results in a complex less likely to undergo decomposition processes, such conclusions 
require knowledge of both ground-state energies and energies of the transition-states for 
the decomposition process. It should also be noted that although qualitative conclusions 
may be made by comparison of energy levels, the differences in energy predicted by 
DFT methods should not be expected to correspond to the observed energies of 
electronic transitions. For such comparisons to be meaningful, time-dependent DFT 
(TD-DFT) calculations must be performed (see Section 4.2.4). 
Similar conclusions regarding the origin of electronic excited states may be 
reached for the Ir(N"C"N)(C"N"O) complexes, Ir(dpydmb)(tppic) 116 and 
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Ir( dpydmb )(hbqc) 117 (molecular orbitals summarised in Table 28, with contour plots 
of the HOMO and LUMO in Figure 34 and Figure 35). The HOMO is a mixed metal-
dpydmb orbital, extending a small amount across the carboxylate group of the second 
ligand. In contrast to complexes of the form Ir(N"C"N)(C"N"C) where only a small 
proportion of the LUMO is on the dppy ligand, the LUMO of Ir(N"C"N)(C"N"O) 
complexes is more evenly spread across both ligands. This results in a much greater 
contribution of LLCT character to the emissive state. 
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-
Table 28. The three highest occupied and three lowest virtual (unoccupied) 
molecular orbitals of Ir(dpydmb)(tppic) 116 and Ir(dpydmb)(hbqc) 117. 
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d1 (HOMO) * 1tl (LUMO) 
Figure 34. Contour plots of the HOMO and LUMO of Ir(dpydmb)(tppic) 116. 
d1 (HOMO) * 1tl (LUMO) 
Figure 35. Contour plots of the HOMO and LUMO of Ir(dpydmb)(hbqc) 117. 
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While the complexes discussed in this section so far have primarily metal-based 
HOMOs and ligand-based LUMOs, distinctly different behaviour is observed for the 
Ir(dpydmb)(dinpy) complexes 122 and 123. Irrespective of whether the 2,6-di(2'-
indolyl)pyridine ligand binds in an N"N"N or C"N"C manner, the frontier orbitals are 
ligand based. The HOMO is localised predominantly on the dinpy ligand, and the 
LUMO on the dpydmb. The main difference between binding modes is that the portion 
of the HOMO on the central pyridine ring of dinpy is much more pronounced in the bis-
cyclometalated complex (see Figure 37). Interestingly, the character of the subsequent 
states is strongly dependent upon the orientation of the dinpy ligand (see Table 29). 
Orbital Character Energy / eV 
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Table 29. The three highest occupied and three lowest virtual (unoccupied) 
molecular orbitals for two binding modes of Ir(dpydmb)(dinpy). 
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11:1 (HOMO) * 11:1 (LUMO) 
Figure 36. Contour plots of the HOMO and LUMO of Ir(dpydmb)(dinpy) 
with NAN A N binding of the dinpy ligand (complex 123). 
11:1 (HOMO) * 11: 1 (LUMO) 
Figure 37. Contour plots of the HOMO and LUMO of Ir(dpydmb)(dinpy) 
with CAN AC binding of the dinpy ligand (complex 122). 
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The mono-cyc1ometalated [Ir(dpydmb)(terpy)f+ 105 and non-cyc1ometalated 
[Ir(terpy)2]3+ 21 have predominantly ligand-based frontier orbitals (molecular orbitals 
summarised in Table 30, with contour plots of the HOMO and LUMO in Figure 38 and 
Figure 39). It is well known that [Ir(terpy)2]3+ 21 exhibits ligand-centred (LC) 1t-1t* 
emission,103 consistent with the DFT results. For the asymmetrically substituted, mono-
cyc10metalated complex [Ir(dpydmb)(terpy)]2+ 105, the character of the HOMO-LUMO 
transition is subtly different. Introduction of a cyc10metalating Ir-C bond does not 
sufficiently de stabilise the metal orbitals to result in a metal-based HOMO, but shifts 
the ligand 1t- and 1t* -orbitals higher in energy. This is sufficient to allow the HOMO to 
be localised upon the dpydmb ligand, but the LUMO remains on the terpyridine. The 
resulting LLCT state has important consequences upon the emission properties of these 
complexes (discussed in more detail in Section 4.2.4). 
Orbital Character Energy / eV 
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Table 30. The three highest occupied and three lowest virtual (unoccupied) 
molecular orbitals of [Ir(dpydmb)(terpy)]2+ 105 and [Ir(terpyh]3+ 21. 
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1tl (HOMO) * 1tl (LUMO) 
Figure 38. Contour plots of the HOMO and LUMO of [Ir(dpydmb)(terpy)]2+ 105. 
1tl (HOMO) * 1tl (LUMO) 
Figure 39. Contour plots of the HOMO and LUMO of [Ir(terpy)zf+ 21. 
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4.2.3 Ionisation potentials and electron affinities 
The ionisation potential and electron affinity of potential electroluminescent 
materials is of great importance due to their relation to charge-injection and charge-
trapping qualities. An estimation of these energies may be achieved by DFT calcu-
lations. The ionisation potential (IP) is obtained from the difference between the total 
self-consistent energy of the neutral ground-state molecule, and that of the cation at the 
ground-state structure. Similarly, the electron affinity (EA) is determined by the diff-
erence in energies of the neutral and anionic molecules. Total atomic spin densities from 
calculations for the cationic and anionic structures also allow the determination of the 
localisation of charge in each case. The results should ideally be corrected for zero-point 
energies, and where comparisons to experimental values for the solid-state are required, 
solid-state polarisation effects (since calculations are performed in the gas phase ).410 
The computational cost associated with these corrections however precludes their use in 
this study. Their influence is evident in the large discrepancy between the calculated 
ionisation potential for fac-Ir(ppY)3 26 (+6.00 eV) and that from measurements when 
doped in a CBP host (+5.2 eV).417 
Complex IP leV Spin density of cation 
fac- Ir(ppY)3 26 +6.00 Ir (63%), ppy (12% x 3) 
Ir( dpydmb )( dppy) 108 +5.99 Ir (49%), dpydmb (5%), dppy (47%) 
Ir(dpydmb)(F4dppy) 110 +6.50 Ir (49%), dpydmb (6%), F4dpPy (45%) 
Ir( dpydmb)( cdppy) 111 +6.60 Ir (49%), dpydmb (6%), cdppy (46%) 
Ir(dpydmb)(tppic) 116 +6.14 Ir (48%), dpydmb (28%), tppic (24%) 
Ir( dpydmb )(hbqc) 117 +6.43 Ir (49%), dpydmb (8%), hbqc (43%) 
Table 31. Calculated ionisation potentials and cationic spin densities for fac-
Ir(ppy)J 26, Ir(NACAN)(CANAC) and Ir(NACAN)(CANAO) complexes. 
Complex EA/eV Spin density of anion 
fac- Ir(ppY)3 26 +0.27 Ir (2%), ppy (33% x 3) 
Ir(dpydmb)(dppy) 108 +0.02 Ir (-2%), dpydmb (59%), dppy (44%) 
Ir(dpydmb)(F4dppy) 110 -0.16 Ir (2%), dpydmb (1 %), F4dpPy (980/0) 
Ir( dpydmb )( cdppy) 111 -0.53 Ir (-1 %), dpydmb (30%), cdppy (71 %) 
Ir(dpydmb)(tppic) 116 -0.46 Ir (0%), dpydmb (78%), tppic (22%) 
Ir( dpydmb )(hbqc) 117 -0.42 Ir (1 %), dpydmb (86%), hbqc (140/0) 
Table 32. Calculated electron affinities and anionic spin densities for fac-
Ir(ppy)J 26, Ir(NACAN)(CANAC) and Ir(NACAN)(CANAO) complexes. 
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The results of ionisation potential and electron affinity calculations on a number 
of iridium(III) complexes are summarised in Table 31 (IPs) and Table 32 (EAs). The 
ionisation potential of jac-Ir(ppY)3 26 is predicted to be +6.00 eV and the electron 
affinity +0.27 eV. While the former is in reasonable agreement with the value calculated 
by Hay (+5.94 eV 142), the electron affinity is substantially higher (compared to 
+0.08 eV 142). In fact some EAs in the present study are negative, suggesting that the 
anion is more stable than the neutral compound. One difficulty in producing accurate 
electron affinities is due to the poor ability of the chosen basis set (6-31 G) to reproduce 
the very diffuse molecular orbitals of anionic compounds. While basis sets with diffuse 
orbitals (e.g. 6-31 G*) would improve accuracy, this is at the cost of computation time. 
The calculated ionisation potential, as expected from the trend in HOMO 
energies, is progressively increased from Ir( dpydmb)( dppy) 108 upon fluoro and cyano 
substitution. It is interesting to note that although the spin densities of the cation are 
similar in each case, they bear poor resemblance to the calculated shape of the HOMO, 
instead being more comparable to the HOMO+ 1 orbital. As expected, the electron 
added on forming the anion is localised on the ligands, with very little spin density at 
the metal. This is shifted across to the CANAC coordinated ligand upon fluorination, and 
to a lesser extent upon introduction of the cyano substituent. 
4.2.4 Excitation energies 
Time-dependent DFT (TD-DFT) calculations at the singlet ground-state 
geometry were performed to determine the excitation energies of electronic transitions. 
Although a similar calculation at the excited-state geometry should allow the prediction 
of emission energies, the time required for such computation makes this impractical for 
molecules as large as those in this study. The results of TD-DFT calculations on fac-
Ir(ppY)3 26 are shown in Table 33. The results are similar to those obtained by Hay's 
TD-DFT calculation on this structure. 142 Although normally attributed to 
MLCT(Ir~ppy) excited states, all transitions have a significant proportion of LC(ppy) 
character as discussed in Section 4.2.2. The calculated excitation wavelengths are 
compared to the experimentally observed absorbance spectrum in Figure 40. Excellent 
agreement is found between the two, with T 1 and T 2 states at 482 and 480 nm 
respectively matching the lowest energy absorption band. This is comparatively weak, 
consistent with the triplet nature of this MLCT transition. 
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State A/nm Excitation State A/nm f Excitation 
Tl 482 d2 ~ 1tl * SI 446 0.0041 d2 ~ 1tl * 
T2 480 d2 ~ 1t2a * S2 437 0.0019 d2 ~ 1t2a * 
480 d2 ~ 1t2b * 437 0.0021 d2 ~ 1t2b * 
T3 446 d1a,lb ~ 1t2a,2b * S3 410 0.0213 d1b ~ 1tl * 
T4 440 d1a,lb ~ 1tl,2a,2b * 410 0.0222 d1a ~ 1tl * 
441 d1a,lb ~ 1tl,2a,2b * S4 409 0.0027 d1a,lb ~ 1t2a,2b * 
T5 423 d1b ~ 1tl * S5 395 0.0606 d1a,lb ~ 1t2a,2b * 
422 d1a ~ 1tl * 395 0.0616 d1a,lb ~ 1t2a,2b * 
T6 417 d1a,lb ~ 1t2a,2b * S6 392 0.0001 d2 ~ 1t3 * 
T7 402 d2 ~ 1t3 * S7 366 0.0060 d1a ~ 1t3 * 
Table 33. Calculated excitation wavelengths (1..), oscillator strengths (f) and 
dominant orbital excitations for the ground-state structure ofJac-Ir(ppYh 26. 
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Figure 40. Comparison of the experimental absorbance spectrum of Jac-
Ir(ppY)3 26 in acetonitrile solution (solid line, left axis) to singlet (., right 
axis) and triplet (.~, arbitrary height) transitions from TD-DFT calculations. 
The results of TD-DFT studies of a series of Ir(NI\CI\N)(CI\NI\C) complexes are 
shown in Table 34, with full results tabulated in Appendix B. In each case the dl~1tl * 
triplet state is at the lowest energy, and hence likely to be the emissive state. Due to the 
mixing of metal and ligand orbital character in the d1 state, this may be assigned as 
• Orbitals are numbered sequentially by energy. The sub-scripts 'a' and 'b' represent degenerate energy 
levels. 
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MLCT(Ir~N"C"N) with significant LC(N"C"N) and some LLCT(C"N"C~N"C"N) 
character. The experimentally observed blue-shift in absorption is reflected in the 
increase in predicted energy of the dl~1tl * transition upon fluorination. Although the 
2,6-di(3-cyanophenyl)pyridine 94 (cdppyH2) complex was not successfully prepared, 
TD-DFT calculations suggest that similar absorption properties would be observed. 
State 
Ir(dpydmb)(dppy) 108 Ir(dpydmb)(F4dppy) 110 Ir( dpydmb )( cdppy) 111 
"A/nm(f) Excitation "A/nm(f) Excitation "A/nm(f) Excitation 
TI 556 d l ----+ 1t1 • 518 d l ----+ 1t1 • 524 d l -1t1 • 
T2 507 d l ----+ 1t2 • 477 dl ----+ 1t3 • 487 d l -1t2 • 
T3 484 d2 ----+ 1t 1 • 470 dl ,2 - 1tI,3 • 480 dl -1t4 • 
SI 482 (0.1019) d 1 ----+ 1t1 • 451 (0.1125) d l -1t1 • 472 (0.0000) d l -1t2 * 
S2 462 (0.0000) d 1 ----+ 1t2 * 441 (0.0001) d l - 1t3 * 456 (0.1139) dl -1t1 • 
S3 433 (0.0047) d l,2 ----+ 1tI,2 • 411 (0.0008) d 1 ----+ 1t3 • 429 (0.0023) • dl - 1t3 
Table 34. Calculated excitation wavelengths (1..), oscillator strengths (f) and 
dominant orbital excitations for the ground-state structures of 
Ir(N"C"N)(C"N"C) complexes. Orbitals are labelled as in Table 27. Full 
results are tabulated in Appendix B. 
Comparison of the results of TD-DFT calculations with the experimentally 
observed absorption spectrum for Ir(dpydmb)(dppy) 108 (Figure 41) and for 
Ir(dpydmb)(F4dppy) 110 (Figure 42) show good agreement between the two, especially 
considering the lowering of triplet energies due to spin-orbit coupling effects not 
included in current TD-DFT calculations.142 In contrast to the results forJac-Ir(ppY)3 26, 
the lowest energy predicted triplet state does not correspond to a resolvable peak in the 
absorption spectrum. This suggests that transitions between this state (the emissive 
state) and the ground state are more strongly forbidden than for Jac-Ir(ppY)3 26. This is 
consistent with the relatively long radiative lifetimes (almost 4 Jls) observed experi-
mentally for the bis-terdentate analogues. 
Although calculations at the ground-state geometry cannot be related directly to 
emission properties, relative energies of structurally similar compounds may be 
compared. By calibration with the observed Ir(dpydmb)(dppy) 108 emission 
("Amax = 585 nm), we may predict that the emission wavelength in acetonitrile solution is 
-29 nm higher than the calculated energy of the T 1 state. Application of this correction 
to the Tl energy of Ir(dpydmb)(F4dppy) 110 places the predicted emission at 547 nm, 
120 
Chapter 4 - Photophysical and computational studies of iridium(III) complexes 
exactly that experimentally observed. Therefore we may expect with some confidence 
the emission maximum of the presently inaccessible Ir(dpydmb)(cdppy) complex 111 to 
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Figure 41. Comparison of the experimental absorbance spectrum of 
Ir(dpydmb)(dppy) 108 in acetonitrile solution (solid line, left axis) to singlet 
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Figure 42. Comparison of the experimental absorbance spectrum of 
Ir(dpydmb)(F4dppy) 110 in acetonitrile solution (solid line, left axis) to singlet 
(e, right axis) and triplet (A, arbitrary height) transitions from TD-DFT 
calculations. 
A comparison of the absorbance spectrum of Ir(dpydmb)(tppic) 116 with TD-
DFT calculations is shown in Figure 43, with similar results obtained for 
Ir( dpydmb )(hbqc) 117 (full results tabulated in Appendix B). Although the most intense 
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singlet states from DFT cannot be readily associated with observed bands, the 
calculations predict the onset of the absorption as 508 nm with reasonable accuracy. The 
lowest energy excited-state (likely to resemble the emissive state) may be assigned as an 
MLCT (d 1-+1[1,2 *) state. Since the predicted d 1 orbital is delocalised across both ligands 
as well as the metal, the emissive state is mixed with a large amount of LLCT and LC 
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Figure 43. Comparison of the experimental absorbance spectrum of 
Ir(dpydmb)(tppic) 116 in acetonitrile solution (solid line, left axis) to singlet 
(e, right axis) and triplet (A, arbitrary height) transitions from TD-DFT 
calculations. 
The results of TD-DFT calculations on the two Ir(dpydmb)(dinpy) complexes 
are shown graphically in Figure 44, and tabulated in full in Appendix B. Although the 
frontier orbitals predicted by DFT calculations are very similar for the two binding 
modes (see Section 4.2.2), the TD-DFT results show a number of differences. In general 
the singlet states have very low oscillator strengths, consistent with what is expected for 
predominantly LLCT transitions. An unexpected exception is the state at 445 nm for the 
complex incorporating a C/\N/\C-bound dinpy ligand. Consideration of the orbital 
contribution does not explain the particularly high oscillator strength (j= 0.1625) since 
there is a state predicted at 481 nm with a similar dl , 1[1-+1[1,3 * nature, but a substantially 
lower oscillator strength (j= 0.0091). Although samples of either complex with 
sufficient purity for photophysical studies were not obtained, the TD-DFT results 
suggest that they would be very poorly emissive due to the LLCT nature of their lowest 
energy excited states. 
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Figure 44. Calculated singlet (e, right axis) and triplet ("', arbitrary height) 
transitions from TD-DFT calculations for NANAN- (solid shapes) and 
CANAC- (hollow shapes) binding modes of the dinpy ligand in 
Ir( dpydmb)( dinpy). 
The experimentally observed absorption spectrum of [Ir(dpydmb)(terpy)f+ 105 
is shown alongside TD-DFT results in Figure 45 (full results tabulated in Appendix B). 
The position of the two most intense singlet states from the present TD-DFT calculation 
show reasonable correlation with the two very weak absorptions, their low intensity 
reflected in the small predicted oscillator strengths. These singlet bands are assigned to 
dpydmb(1t2)~terpy(1tl * and 1t/) ligand-to-ligand charge transfer (LLCT) transitions. 
Although a small amount of mixing with metal orbitals is predicted in the HOMO, it is 
predominantly ligand based with the lowest energy transition assigned therefore as 
triplet dpydmb(1tl)~terpy(1tl *) LLCT. The unusual nature of this lowest energy state 
with little contribution of MLCT character may explain the particularly poor lumines-
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Figure 45. Comparison of the experimental absorbance spectrum of 
[Ir(dpydmb)(terpy)]2+ 105 in acetonitrile solution (solid line, left axis) to 
singlet (e, right axis) and triplet ("', arbitrary height) transitions from TD-
DFT calculations. 
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4.3 Concluding remarks: The effect of cyclometalation upon 
the luminescence of iridium(lIl) complexes 
Luminescence data for the complexes prepared in this study are collated in Table 
35 and Figure 46. A number of charge-neutral iridium(III) complexes have been 
prepared, with emission in acetonitrile solution spanning from green ("-em = 508 nm) to 
orange/red ("-em = 603 nm). There is also a great variation in photoluminescence 
quantum yields, ranging from virtually non-emissive to highly luminescent (<D = 0.76 in 
degassed acetonitrile solution). By a combination of photophysical studies and density 
functional theory (DFT) calculations, it is possible to explain this breadth of properties 
resulting from relatively minor modifications in structure. 
Complex "-max CIE coordinatesa 
Aerated Degassed 
Inm <Db { Ins <Db {I ns 
Ir(dpydmb)(dppy) 108 585 x=0.55, y=0.45 0.0013 77 0.21 3800 
Ir( dpydmb )(F 4dppy) 110 547 x=0.43, y=0.55 0.0036 <100 0.41 3700 
Ir(dpydmb)(ppy)ClI15 508 x=0.29, y=0.64 0.016 <100 0.76 1600 
Ir(dpydmb)(tppic) 116 603 x=0.52, y=0.47 0.0092 39 0.053 110 
Ir( dpydmb )(hbqc) 117 562 x=0.48, y=0.51 0.0043 <100 0.027 170 
[Ir(tpybae)(dppy)t 124 707 x=0.64, y=0.36 0.0018 240 0.012 1700 
[Ir( dpydmb )(terpy)]2+ 105 502 x=0.27, y=0.54 <0.001 d <0.001 d 
a A measure of the observed colour of emission, as defined by the Commission Intemationale de 
L'Ec1airage, and plotted in Figure 46. bQuantum yields of emission, 295 K, measured using an aqueous 
solution of [Ru(bPl)3f+ as a standard;40o uncertainty ±20%. CLifetimes of emission, Aex = 355 nm, 295 K; 
uncertainty ±5%. Due to weak emission even at 77 K, luminescence lifetimes were not obtained. 
Table 35. Luminescence data in acetonitrile solution at 295 K for complexes 
prepared in this study. 
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Figure 46. Commission Internationale de L'Eciairage (CIE) colour chart 
illustrating the observed emission colour of complexes prepared in this study. 
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The emission properties and luminescence efficiencies of cyc10metalated 
iridium(III) complexes are determined by the nature of their electronic excited states. A 
steady trend may be observed from the ligand-centred (LC) luminescence of iridium(III) 
bis-terpyridine complexes to the metal-to-ligand charge transfer (MLCT) states of tris-
cyc10metalated jac-Ir(ppY)3 26 and the Ir(C"N"C)(N"C"N) complexes of this study. 
Between these extremes, mono- and di-cyc1ometalated species exhibit emissive states 
with a large proportion of ligand-to-ligand charge transfer (LLCT) character, and hence 
relatively poor photoluminescence quantum yields. 
This trend may be explained by consideration of the effect of cyc1ometalation 
upon both metal- and ligand-based orbitals (summarised in Figure 47). At one extreme 
are iridium(III) bis-terpyridine complexes, where the metal d-orbitals are low enough in 
energy, and the ligand 1t-1t * energy gap is sufficiently large to result in a ligand-centred 
emissive state. Replacement of single pyridyl ring with a cyc10metalating phenyl ring 
has two important consequences; it destabilises the metal d-orbital, and simultaneously 
raises the relevant ligand's 1t- and 1t * -orbitals. Since molecular orbitals of the uncyc1o-
metalated ligand are little perturbed by this substitution, a switching in relative ordering 
of the HOMO or LUMO ligand localisation may occur. This results in a cyc10metalated 
ligand~uncyc1ometalated ligand LLCT emissive state. 
The introduction of a second Ir-C bond in the same ligand repeats the shift in 
energy levels. This now brings the metal d-orbital to an energy comparable to that of the 
bis-cyc1ometalated ligand 1t-orbital, and a mixed MLCT-LLCT emissive state results. It 
is worthwhile to comment that a symmetrically bis-cyc1ometalating complex such as 
[Ir( dpydmb )2t 125 is likely to result in an analogous rise in metal-based orbitals, while 
each ligand is less severely de stabilised by the effect of only one Ir-C bond. On the 
basis of the scheme presented here this is predicted to result in an MLCT emissive state, 
and substantially improved emission intensity with respect to Ir(N"N"N)(C"N"C)+ 
complexes. This is, in part, the same reasoning as for the efficiently emissive MLCT 
state of [Ir(ppY)2(bpy)t complexes, with an additional destabilisation of ligand-based 
states due to the reduced delocalisation. 
The final introduction of a third cyc10metalating carbon atom raises the energy 
of metal-based orbitals further still, securing a predominantly MLCT emissive state. It is 
important to note that although electronic transitions have traditionally been labelled 
with straightforward terms (LC, MLCT, etc.), these are simply the extreme situations. In 
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reality, emission from many complexes is a mixture of these types of transition, with 
structural modifications influencing their relative proportions. 
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Figure 47. Pictorial representation of the effect of cyclometalation upon the 
energy levels and nature of emissive states in a generic series of un-
symmetrical bis-terdentate iridium(III) complexes. 
4.4 Conclusions 
In the preceding chapters, the synthesis and photophysical properties of a 
number of luminescent, bis-terdentate, charge-neutral iridium(III) complexes have been 
discussed. These are the first examples of iridium(III) complexes incorporating an 
NACAN coordinating 1,3-di(pyridin-2-yl)benzene derivative, with the introduction of 
methyl substituents at C4 and C6 of the phenyl ring blocking competitive metalation at 
these positions. Charge-neutralisation is obtained by combining this ligand with a 
CANAC-, CANAO- or N-ANAN--coordinating analogue. Indeed these are the first 
examples ofbis-terdentate coordination of any metal ion in this way. 
Luminescence quantum yields of Ir(dpydmb)(F4dppy) 110 in degassed aceto-
nitrile solution (<I>PL = 0041) are comparable to those of the common electro-
phosphorescent material !ac-Ir(ppY)3 26 (<I>PL = OA±O.l in degassed dichloromethane 
solutionI21 ). While luminescence lifetimes are longer (r= 3700 ns, compared to 1900 ns 
for !ac-Ir(ppY)3), a disadvantage due to an increased probability of triplet-triplet anni-
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hilation at high drive currents, they are still substantially shorter than for common 
platinum(II) based dopants (e.g. > 1 0 ~s for PtOEP 1990). Investigations into the electro-
luminescence properties once incorporated into devices are currently underway. The 
considerable oxygen sensitivity of emission also suggests potential applications as 
oxygen sensors, promising improved performance with respect to the Ir(ppY)3 and 
Ir(ppY)2(acac) derivatives investigated to date.418,419 
Complexes of the form Ir(N/\C/\N)(C/\N/\C) exhibit an unusual meridional 
geometry, only recently reported for mer-Ir(ppY)3 27 and some derivatives. 121 In 
contrast to these tris-bidentate complexes, the bis-terdentate complexes of the present 
study are much more emissive and substantially more stable to photodissociation of the 
Ir-C bond (reflected in the decreased non-radiative decay rate constants, 
Lknr = 1.6 x 105 S·I for Ir( dpydmb )(F 4dppy) 110 compared to 6.4 x 106 S·I for mer-
Ir(ppY)3 27121). 
The Ir(N/\C/\N)(C/\N/\O) complexes Ir(dpydmb)(tppic) 116 and 
Ir( dpydmb )(hbqc) 117 exhibit comparatively low luminescence quantum yields 
(<l>PL = 0.053 and 0.027 respectively), attributed to a competitive photo activated 
labilisation of the Ir-O bond. Unlike the Ir(N/\C/\N)(C/\N/\C) complexes and mer-
Ir(PPY)3 27 derivatives, this is reversible and does not contribute to an overall 
decomposition process. Although an important limiting factor in solution, dissociation 
of the Ir-O bond in the excited state may be inhibited in the solid-state, resulting in 
substantially higher luminescence efficiencies. Current work on fabrication of electro-
luminescent devices incorporating Ir(dpydmb)(tppic) 116 is hoped to confirm this. 
Of particular interest for luminescent applications is Ire dpydmb )(Ppy )CI 115, 
with its particularly high luminescence quantum yield (<l>PL = 0.76) and reasonably short 
luminescence lifetime (r = 1600 ns). This is more emissive than some of the best 
Ir(ppY)3 derivates, and yet is not accompanied by any increase in luminescence lifetime. 
These properties suggest that Ir(dpydmb)(ppy)CI 115 is an ideal candidate for high 
efficiency green electroluminescence, with fabrication of test devices currently under-
way. It should be noted that one of the most efficient OLEDs to date is based upon 
Ir(ppY)2(acac) 80 (lliot = 87±7%),168 whose photoluminescence quantum yield is an 
unremarkable 0.34 in 2-MeTHF.115 
Although designed primarily for organIC electroluminescent display applic-
ations, bis-terdentate binding geometries make such compounds ideal for the formation 
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of linear supramolecular architectures,42o an advantage already noted for bis-terpyridine 
complexes.421 The terdentate coordination overcomes problems associated with isomer-
isation inherent in the structures of the tris-bidentate Ir(ppY)3 analogues.fac-Ir(ppY)3 26 
is chiral, and hence when two such units are joined together, a mixture of diastereo-
isomers is formed. In contrast, bis-terdentate complexes are generally achiral. Also, the 
fixed structural arrangement of two terdentate ligands overcomes issues associated with 
geometrical isomerism in Ir(PPY)3 derivatives. In addition, straightforward substitution 
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5 Europium(llI) complexes 
Research on electroluminescent devices incorporating lanthanide dopants has 
thus far been limited to a very restricted subset of complexes. For visible emitters in 
particular, work has focused predominantly on complexes of the form Ln(phen)(acac)3 
54 (see Section 1.3.4). In this chapter, the syntheses of a series of europium-coordinated 
macrocyclic complexes are described as possible alternative materials for electro-
phosphorescent dopants. 
Generic Ln(phen)( acac)3 structure 54 
C02H (N~/--C02H 
eN ) 
H '---J / 
H02C 
D03A 46 
To increase stability and to ensure charge-neutrality, europium(III) complexes 
based on the heptadentate ligand D03A 46 were investigated (see Section 1.3.3.1). 
When a lanthanide (III) ion is introduced, the charge is balanced by binding of the three 
carboxylic acid groups. Complexes of this ligand are known to exhibit high thermo-
dynamic and kinetic stabilities?21 It is suggested that the improved stability of these 
complexes with respect to 54 may lead to performance advantages in electroluminescent 
devices. 
Since direct excitation of lanthanide(III) ions is highly inefficient (see Section 
1.3.2), a sensitising chromophore group197 is covalently attached via derivatisation of 
the secondary amine. A substituted benzophenone sensitiser was chosen because of its 
near-unity quantum yield for formation of the n-1t * triplet state.422 Since it is from this 
state that energy transfer to the lanthanide(III) ion occurs, this should maximise the 
efficiency of sensitised emission. A highly luminescent (<DPL = 0.20) complex has been 
reported upon mixing 4,4' -bis(N,N-dimethylamino )benzophenone (Michler's Ketone) 
with europium(III) tris( 6,6, 7,7 ,8,8,8-heptafluoro-2,2-dimethyloctane-3,5-dione) 
(Eu(fod)3) in non-coordinating solvents.423 Emission is not however observed in 
coordinating solvents, with the complex readily dissociating in aqueous solution. By 
attachment of an aminobenzophenone moiety to D03A, a much increased kinetic and 
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thermodynamic stability is obtained, while retaining a high luminescence efficiency 
(<l>PL = 0.38 in D20).424 
5.1 Synthesis of macrocyclic ligands 
In order to synthesise N-alkylated D03A derivatives (of the form 77) some 
degree of selectivity is required in alkylation of 1,4,7,1 O-tetraazacyclododecane 
(cyclen). As discussed earlier (see Section 1.5), there are many methods for mono-N-
alky lation of cyclen. They are often however inefficient due to the necessary protection 
and deprotection steps. Instead, a one-step synthesis of the tert-butyl protected D03A 
derivative 126 was employed. It has been shown that reaction of 1,4,7,lO-tetraazacyclo-
dodecane with tert-butyl bromoacetate and three equivalents of sodium hydrogen 
carbonate proceeds in reasonable selectivity to the tri-N-alkylated product.318 Recrystal-
lisation from toluene results in a pure sample of 126, which following alkylation at the 
fourth amine nitrogen atom, may be deprotected under non-aqueous conditions by 
reaction with trifluoroacetic acid at ambient temperature. 
77 126 
The para-aminobenzophenone-functionalised D03A derivative 129 has been 
shown to display very efficient sensitisation of the emissive states of bound 
europium(III) and terbium(III) ions.424 The amide carbonyl group binds to the 
lanthanide(III) centre, excluding one of the inner-sphere water molecules. Since water 
. . ·d l· 202-204 h· . t OH oscillators are very effiCIent at quenchIng lanthani e uminescence, t IS assis s 
in producing efficient emission. This is also of relevance to electro luminescence 
applications, where any remaining inner-sphere water molecules following device 
fabrication will be detrimental to performance. In the present work, the ortho- and meta-
aminobenzophenone analogues 127 and 128 have been prepared to investigate the effect 
of chromophore substitution upon photophysical characteristics. 
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o meta-derivative 128 
C02H (N~/-C02H 
~\ eN ) 
I ~-N~LJl 
~ H H02C 
ortho-derivative 127 
para-derivative 129 
The ligands 127 and 128 were prepared according to Scheme 29. Reaction of the 
appropriate aminobenzophenone with bromoacetyl bromide and triethylamine gave the 
respective bromoacetamide derivatives. These were then used to N-alkylate the 
secondary amine of 126, to give the tri-tert-butyl ester-protected derivatives of 127 and 
128. Purification at this stage by column chromatography led to decomposition. 
Therefore the compounds were used without further purification, with deprotection in 
trifluoroacetic acid resulting in the desired ligands, and purification postponed until 
after the complexation step (see Section 5.2). 
o 
R = tSu 
~TFA 
R=H 
Scheme 29. Synthesis of aminobenzophenone-derivatised D03A ligands. 
The preparation of the trifluoromethylphenyl-derivatised D03A ligand 130 was 
also attempted. Straightforward synthesis of the required alkylating agent was achieved 
by reaction of 4-(trifluoromethyl)acetophenone with one equivalent of bromine in acetic 
acid. Although some evidence of dibromination was observed, the desired product was 
purified by recrystallisation from hexane. 
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130 
With this alkylating agent, reaction with 126 in the presence of caesium 
carbonate and a potassium iodide catalyst failed to give the desired product. Further 
investigation suggested that efficient hydrolysis of the alkylating agent was occurring in 
competition with alkylation. Triethylamine was considered as an alternative base, since 
room temperature reaction in the absence of 126 showed evidence of the starting 
material even after two days. However, reaction of alkylating agent with 126 in the 
presence of triethylamine failed to yield the desired product. Instead, the bromide was 
displaced by triethylamine, with no evidence for alkylation of the macrocyc1e. 
By analogy with the europium(III) complex 50,226 the tris-8-hydroxyquinoline 
substituted ligand 131 was synthesised. 8-Benzyloxyquinoline-2-carboxaldehyde was 
prepared by the route of Williams and Maffeo,226 i.e. oxidation of2-methylquinolin-8-01 
with selenium dioxide following benzyl-protection of the phenol. Reductive amination 
was then used in the attachment of the quinoline derivative to cyc1en. Careful choice of 
reducing agent (sodium triacetoxyborohydride, NaBH(OAc)3) allows specific reduction 
of the imine formed upon reversible condensation of the aldehyde with secondary 
amines, with little competitive reduction of the aldehyde starting material. 
Unfortunately, while a single attachment proceeds in high (61 %) yield/26 preliminary 
attempts at formation of the tri-alkylated product were low yielding (~6%) and 
purification of the product was problematic. Furthermore, following removal of the 
benzy I group by reaction with boron tribromide, * 131 was difficult to handle due to a 
high affinity for unwanted metal ions (for example it would form a precipitate upon 
addition to standard grade NMR solvents). These complications resulted in the failure of 
all attempts at formation of the europium(III) complex. 
• Although attempted, the use of hydrogen and Pd/C to deprotect the benzyl groups was unsuccessful. 
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Ph" 
°tO 0 l~t~~O OH 
Eu ~ ~t\~~ 1\ c NJ 
o 0 N N LJ H HO 
50 131 
5.2 Synthesis of europium(lIl) complexes 
The preparation of europium(III) complexes of D03A derivatives can generally 
be performed by boiling an aqueous solution of the ligand with Eu(N03)3'5H20 at 
approximately pH 6, although more basic conditions are generally tolerated. One 
exception is the ortho-aminobenzophenone derivative 127, where basic conditions must 
be avoided in order to obtain Eu·127. Initial attempts in basic solution resulted in mass 
spectrometric and NMR data inconsistent with the desired complex. 
Consideration of the observed electrospray ionisation mass spectrum (mlz = 716 
([M+Ht), 738 ([M+Nat)) suggested a rearrangement had taken place, leading to 
complex Eu·132. This was supported by analysis of the IH-NMR spectrum, which 
showed only six protons assignable to NCH2CO groups. To investigate the resulting 
compound more fully, identical synthetic conditions were used for a complex of the 
diamagnetic yttrium(III) ion (for yttrium I = ~). Yttrium(III) is a comparable size to 
europium(III), and is known to bind to DOTA 45 in a similar manner.425 The much 
simplified NMR spectrum was consistent with the proposed structure. 
EU'132 
A suggested mechanism for rearrangement is shown in Scheme 30. This only 
occurs for the ortho-aminobenzophenone derivative, since only in this case does attack 
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of the enolate ion result in formation of a stable six-membered ring. A search of the 
literature reveals that such a rearrangement to form 4-hydroxyquinoline derivatives was 
reported as early as 1899.426 
The rearrangement was also found to proceed in the absence of any 
lanthanide(III) ions. Thus, heating ligand 127 at 100°C in aqueous base for 24 hours 
results in a yellow solid whose electrospray ionisation mass spectrum (mlz = 566 
([M+Ht), 588 ([M+Nat)) is consistent with the rearranged ligand. No such reaction 
was observed when an ethanol solution of the tri-tert-butyl ester protected 127 






Scheme 30. Suggested mechanism for the formation of a rearranged ortho-
aminobenzophenone derivatised D03A complex in a basic solution of a Eu3+ 
salt. 
Following removal of the OH group, this rearrangement may be useful as a 
straightforward route to quinolin-3-yl N-arylated macrocycles. To investigate its 
generality, the methyl derivative EU'133 was prepared by an analogous procedure (see 
Scheme 31). 
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EU'133 
Scheme 31. Rearrangement and complexation of a 2-aminoacetophenone 
derivatised D03A ligand. 
Although suitable crystals for X-ray diffraction measurements were not obtained 
and a full dipolar analysis of the NMR data is beyond the scope of this work, a 
consideration of likely molecular geometries is of interest. In general, complexes of 
D03A derivatives are alkylated at the remaining nitrogen via a CH2 spacer group. This 
allows a twisting of the pendent groups with respect to the N4 plane, resulting in the 
typical square-anti prismatic (SAP) and twisted square-antiprismatic (TSAP) geometries 
(see Figure 48). 
SAP TSAP 
Figure 48. Pictorial representation of the twisting of acetate groups in the 
SAP and TSAP geometries of lanthanide(III) DOTA complexes. 
In EU'132 however, the direct connection of an aromatic ring to the macrocycle 
enforces a planar geometry for the organic part of the five-membered Eu-N-C-C-O 
ring. This will restrict the twisting of the N4 and 0 4 planes, and will potentially induce a 
change in puckering of the cyclen ring. Evidence for such a distortion in geometry is 
provided by the IH_IH COSY NMR spectrum (where cross-peaks between protons 
separated by a many bonds may be observed when they are brought in close spatial 
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proximity). A number of additional cross-peaks are observed, of particular note being 
those between the axial protons at 41.81 ppm and 30.78 ppm, and between the 
equatorial protons at 0.62 ppm and -9.14 ppm. This is consistent with a change in 
puckering of the ring from a C4 symmetric form (Figure 49, geometry I), towards a C2 
symmetric form (Figure 49, geometry II). In addition, NMR spectroscopy of the crude 
product from rearrangement of ligand 127 exhibits remarkably resolved resonances 
associated with CH2 protons, suggesting that the conformation is restricted even in the 
absence of a metal ion. 
------- ..... 
I II 
Figure 49. Effect of ring puckering on the geometries of europium(III)-
coordinated cyclen derivatives. Dashed lines represent additional IH_IH 
COSY cross-peaks. 
Complexes of aromatic chromophores directly attached to cyclen rings have 
been little studied, with most research focusing on significantly easier to attach 
compounds with alkyl spacer units. It should be noted that N-arylated azacrown ethers 
are more common. For example, the synthesis of compounds of the form 134 have been 
reported with n = 1,427,428 n = 2 427,428 and n = 3,428 as well as studies of metal complexes 
of the n = 1 derivative.429,43o 
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Classical N-arylation reactions of cyc1en are only achievable with electron poor 
arenes such as fluorinated nitrobenzenes, requiring high temperatures and extended 
reaction times.431 ,432 Highly activated arylating agents such as 2,4,6-trichloro-l,3,5-
triazine have been shown to react under much milder conditions.433 Attachment of 
haloarenes that are not particularly electron poor has recently been reported by 
palladium-catalysed N-arylation reactions.434-436 Although successful at forming a 
number of N-arylated cyc1en derivatives, yields are generally poor, with only a small 
improvement for pyridine derivatives.434 An alternative strategy involves the formation 








Scheme 32. Synthesis of an N-arylated cyclen derivative from an N-aryl precursor. 
The only reported lanthanide complexes of N-arylated cyc1en derivatives are the 
europium(III), gadolinium(III) and ytterbium(lII) complexes of 135 and 136.432 
Although the magnetic properties of the gadolinium(III) complex were discussed, no 
luminescence data was reported. Hence, EU'132 and EU'133 are believed to be the first 
reported lanthanide(III) complexes based on cyc1en incorporating metal-bound N-aryl 
substituents. 
X=N02 135 
X =NH2 136 
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5.3 Photophysical Properties 
5.3.1 Absorption spectra 
Ground-state absorption spectra of the europium(III) complexes Eu·127 and 
Eu·128 are shown in Figure 50 (data summarised in Table 36). Absorption bands are 
assigned to 1t-1t * transitions of the benzophenone moiety, as is the single broad feature 
observed for Eu·129 (Amax = 295 nm).424 Although only one band may be resolved for 
Eu·128 and Eu·129, ZIND0438 calculations* suggest that two bands should exist for all 
three isomers, relating to excitation of an electron from a 1t-orbital localised on the 
unsubstituted phenyl ring, and from a 1t-orbitallocalised on both phenyl rings. Where a 
single feature is observed, this is a combination of two unresolved bands. The notable 
red-shift for the para-substituted isomer (Eu·129) is due to an increased delocalisation 
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Figure 50. Ground-state absorbance spectra of Eu·127 (solid line) and Eu·128 
(dashed line) in aqueous solution at 295 K. 
In contrast, the rearranged complexes Eu·132 and Eu·133 absorb out to much 
longer wavelength (see Figure 51, data summarised in Table 36). This is consistent with 
the proposed quinoline rearrangement product, and matches absorbance data for the 
model chromophore, 3-aminoquinolin-2-01.44o The phenyl-substituted derivative Eu·132 
is slightly red-shifted with respect to the methyl-derivative Eu·133 due to the increased 
extent of delocalisation possible in the former. 
• ZINDO electronic spectra calculations performed on 2-arnino-N-(benzoylphenyl)acetamide structures at 
the MM3 optimised geometries using the CaChe 6.1.1439 software package. 
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Figure 51. Ground-state absorbance spectra of Eu·132 (solid line) and Eu·133 
(dashed line) in aqueous solution at 295 K. Included for comparison is the 






231 (12 500), 259 (11 500). 
245 (25 800). 
205 (22 600), 230 (8 600), 242 (5 900), 248 (5 900), 286 (2 500), 
319 (2 500), 329 (3 100), 342 (2 300). 
206 (24 500), 246 (6 000), 290 (2 000), 281 (2 200), 315 (2 300), 
326 (2 900), 338 (2 100). 
Table 36. Absorbance data for europium(III) complexes. 
5.3.2 Luminescence properties of Eu·127 and Eu·128 
Upon excitation into the 1[-1[* bands of EU'127, EU'128 and EU'129,424 emission 
characteristic of transitions from the 5Do excited state of europium(III) is observed (see 
Figure 52). The profiles of the spectra (i.e. the relative intensity of bands and the fine 
structure of each) are almost identical, suggesting that the environment at the metal is 
little affected by substitution position of the chromophore. Luminescence excitation 
spectra (monitored at 700 nm) match the absorption spectra (shown in Figure 53 for 
EU'128), confirming sensitisation of europium(III) emission by the organic chromo-
phore. Notable features include the presence of an obvious ~J = 0 band, consistent with 
the low symmetry of the complex. Since both excited eDo) and ground CF 0) states are 
non-degenerate, a single ~J = 0 band is expected for a single emitting species. Although 
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multiple ~J = 0 bands are indicative of a mixture of emitting species, shifts in energy 
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Figure 52. Emission spectra of Eu·127 (solid line, Aex = 259 nm), Eu·128 
(dashed line, Aex = 249 nm) and Eu·129424 (dotted line, Aex = 280 nm) in 
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Figure 53. Ground-state absorbance spectrum (solid line) and luminescence 
excitation spectrum (dashed line, Aero = 700 nm) for Eu·128. 
Lifetimes of emission and photoluminescence quantum yields in H20 and D20 
are summarised in Table 37. The quantum yields are unchanged upon degassing, but are 
increased significantly in D20 with respect to H20. The solution hydration numbers q, 
were determined by the empirical relationship of Parker et al. 199 (equation 11, x = 1) as 
1.08 and 1.09 for EU'127 and EU'128 respectively. This compares well to the value of 
1.05 determined for EU'129,424 suggesting that only a single inner-sphere water 
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molecule is present in each case. This also provides evidence for binding of the amide 

















r / msa b 
qe 
<Dl um 
2.14 0.027 1.08 
2.22 0.16 1.09 
2.26 0.38 1.05 
aLifetimes of metal-centred emission monitored at 616 nm, 295 K; uncertainty ±5%. 
bQuantum yields of europium emission, 295 K, measured using an aqueous solution 
of [Ru(bpY)3]2+ as a standard;40o uncertainty ±20%. cAex = 259 nm. dAex = 249 nm. eq is the 
hydration state as determined by the equation of Parker et al. 199 
Table 37. Photophysical parameters of the europium(III) complexes of 127 
and 128. Included for comparison is Eu·129.424 
Comparison of the relative luminescence quantum yields for the three complexes 
shows a systematic increase from artha-, through meta-, to para-substitution. Since 
emission lifetimes are similar, this suggests an increase in the efficiency of energy 
transfer from the chromophore to the metal (1Jet). A more detailed analysis may be 
performed by consideration of the parameters in equation 8. The benzophenone chromo-
phore is known to have a triplet quantum yield of near unity,422 hence <DD ~ 1. The pure 
radiative rate constant (ko) may not be directly measured. It has been proposed, 
however, that this value is related to the ratio of the integrated emission intensity of the 
5Do~ 7F I transition (purely magnetic dipole in character) to the total integrated emission 
intensity (equation 15, where A(O,l) ~ 32.4 S-I).222 The results of the analysis are shown 
in Table 38. It is clear that while the values of kO and Iknr are of a similar order of 
magnitude for all three complexes, the emission intensity is limited by the efficiency of 
energy transfer from the sensitising chromophore to the europium(III) ion (1Jet). Whereas 
the para-substituted isomer EU'129 has an energy transfer efficiency of approximately 
unity, this decreases significantly for meta (Eu'128) and artha (Eu'127) derivatives. 
This drop is attributed to an increase in the distance between donor and acceptor. While 
EU'129 is held rigidly in a position close to the metal, the other isomers may rotate the 
benzophenone moiety about the N-Ar bond into a sterically favoured position more 
distant from the metal centre. 
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<l> em = <l> D 1] et k ° robs (8) 
kO = A(O,I) 
[I (0,1) / I tot ] 
(15) 
EU'127 EU'128 EU'129 
[I( 0,1 )/Itott 0.22 0.22 0.21 
robs / ms 0.59 0.60 0.61424 
kO b / s-} 144 147 155 
l:knr b / s-} 1550 1520 1480 
<Dern 0.004 0.015 0.095424 
<DD 11 etC 0.04 0.17 1.01 
aEstimated uncertainty ±5%. bEstimated uncertainty 
± 1 0%. 'Estimated uncertainty ±20%. 
Table 38. Calculated values of kO, 'Lknr and 'let for solutions of the 
europium(III) complexes of 127, 128 and 129 in H20 using experimentally 
determined [J(O,I)/JtotJ, Tobs and <bern values. 
5.3.3 Luminescence properties of Eu·132 and Eu·133 
Upon excitation into the ligand absorption bands of EU'132 and EU'133, 
emission characteristic of transitions from the 5DO excited state of europium(III) is 
observed (see Figure 54). Luminescence excitation spectra (monitored at 700 nm) match 
the absorption spectra (shown in Figure 55 for Eu·132), confirming sensitisation of 
europium(III) emission by the organic chromophore. The profiles of the emission 
spectra are identical, suggesting that the environment at the metal is little affected by 
substitution at the 4-position of the quinoline ring. With respect to EU'127, EU'128 and 
Eu '129, there is relatively little variation in the form of the emission spectra (compared 
for example to Eu(TTFA)3),442 evidence that there is a similar set of donor atoms with a 
similar symmetry. The most notable differences are an increase in intensity of the 
hypersensitive LlJ = 2 band, and a larger separation of the two components of the LlJ = 1 
emission band. This is indicative of an increase in polarisability of the axial donor,195 as 
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Figure 54. Emission spectra of Eu·132 (solid line, lex = 343 nm) and Eu·133 
(dashed line, Aex = 340 nm) in aqueous solution at 295 K. Excitation and 
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Figure 55. Ground-state absorbance spectrum (solid line) and luminescence 
excitation spectrum (dashed line, Aem = 700 nm) for Eu·132. 
Lifetimes for emission in H20 and D20 are summarised In Table 39" The 
solution hydration numbers q, were determined by the empirical relationship of Parker 
et al. 199 (equation 11, x = 0) as 1.06 and 1.04 for EU'132 and EU'133 respectively. These 
values suggest that there is only a single inner-sphere water molecule in each case, most 
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D20 
r I msa b 
qe 
<I>lum 
2.02c 0.011 1.06 
2.05d 0.18 1.04 
:Lifetimes o~ metal-centred. emissi~n ~onitored at 616 nm, 295 K; uncertainty ±5%. 
Quantum YIelds of europIUm emISSIOn, Aex = 280 nm, 295 K, measured using an 
aqueous solution of [Ru(bpY)3]2+ as a standard;40o uncertainty ±20%. cAex = 330 nm. 
dA.ex = 338 nm. eq is the hydration state as determined by the equation of Parker et al. 199 
Table 39. Photophysical parameters of the europium(III) complexes of 132 
and 133. 
The luminescence quantum yield of the phenyl derivative EU'132 is significantly 
smaller than that for the methyl derivative EU'133 despite similar luminescence 
lifetimes. Although a determination of 1}et is not possible due to the unknown efficiency 
of formation of the sensitising chromophore' s triplet state, the combined quantity <I>o1}et 
may be estimated from equations 8 and 15 (see Table 40). This value is an order of 
magnitude smaller for EU'132 than for EU'133, with a number of possible explanations. 
Firstly, phenyl substitution on the quinoline chromophore could have a detrimental 
effect upon the formation of the chromophore triplet state. Secondly, the value of 1}et 
may be lowered by an increased distance between the sensitising chromophore and 
metal centre. Finally, while the quinoline triplet state is high enough in energy 
(~22 000 cm -I 443) to transfer efficiently to the europium(III) ion, there is no guarantee 
EU'132 EU'133 
[I(O,l)IItotr 0.16 0.17 
robs I ms 0.62 0.62 
kO b I S-I 197 196 
2:knr b IS-I 1420 1420 
<I>em 0.003 0.052 
<I>D1}e{ 0.03 0.43 
aEstimated uncertainty ±5%. bEstimated 
uncertainty ± 1 0%. CEstimated uncertainty 
±20%. 
Table 40. Calculated values of kO, 2:knr and <I>D'Iet for solutions of the 
europium(III) complexes of 132 and 133 in H20 using experimentally 
determined [/(O,I)lltot], Tobs and <I>em values. 
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that phenyl substitution does not lead to an excited state which is too low in energy for 
this to occur. It is important to note that degassing the samples had no effect upon either 
luminescence lifetimes or intensities, discounting significant back energy transfer. 
5.4 Conclusion 
In the preceding sections, a senes of luminescent europium(III) containing 
macrocyc1ic complexes was discussed. Charge-neutrality as well as high kinetic and 
thermodynamic stability was ensured by the use of a tricarboxylic acid functionalised 
cyc1en derivative. It is hoped that these complexes will exhibit improved stabilities with 
respect to compounds of the form 54 when incorporated into electrophosphorescent 
devices. Investigations of the performance when incorporated into such devices are 
currently under way. Unfortunately, comparisons with commonly-used electro-
phosphorescent europium(III) complexes are hindered by the lack of solution photo-
luminescence data in the literature for acac-based structures. 
The preparation and characterisation of europium(III) complexes with D03A-
appended benzophenone groups have been discussed. This chromophore has been 
shown to result in efficient sensitisation of europium(III) emission in the para-
substituted isomer Eu·129.424 The effect of substitution position was investigated, with a 
systematic decrease in energy transfer efficiency upon meta-, and then ortho-
substitution. This is attributed to an increased distance between the benzophenone 
moiety and the metal centre. 
During these studies, a rearrangement of the ortho-substituted ligand 127 was 
observed upon heating in basic solution. The resulting ligand incorporates a quinoline 
substituent directly attached to the secondary amine of D03A. Although the 
europium(III) complex is poorly emissive, it may be excited at longer wavelength than 
with a benzophenone chromophore (up to almost 360 nm). This is of interest in 
solution-based applications, in particular for biological samples, which tend to absorb 
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6 Experimental 
All solvents were Analar® quality with the exception of acetonitrile, which was 
HPLC grade, and were used as supplied unless otherwise stated. Diethyl ether and THF 
were distilled under a nitrogen atmosphere from sodium wire. Where stated as dry. 
DMSO and toluene were distilled from calcium hydride under reduced pressure, and 
stored over 4 A molecular sieves. Water was purified using the "PuritesTILL plus" 
system and had a conductivity of 0.04 JlS cm -lor lower. Reagents were used as 
supplied. 
Thin layer chromatography was carried out using neutral aluminium oxide plates 
(Merck Art 5550) or silica plates (Merck Art 5554), both types being fluorescent on 
irradiation at 254 nm. Preparative column chromatography was carried out using neutral 
alumina (Merck Aluminium Oxide 90, Brockman activity 2-3), or silica (Merck Silica 
Gel 60, 230-400 mesh). 
NMR spectra were recorded on a Varian Mercury-200 (200 MHz for IH, 
188 MHz for 19F), Bruker AM-250 (250 MHz for IH, 63 MHz for 13C), Varian Unity-
300 (300 MHz for IH, 75 MHz for 13C, 282 MHz for 19F), Varian Mercury-400 
(400 MHz for IH, 101 MHz for 13C), Bruker Avance-400 (400 MHz for IH, 101 MHz 
for 13C, 128 MHz for lIB) or Varian Inova-500 (500 MHz for IH, 126 MHz for 13C, 
470 MHz for 19F) spectrometer, and were referenced to residual solvent resonances. All 
chemical shifts (8) are quoted in ppm and coupling constants (J) in Hz. IH-NMR spectra 
were assigned with assistance from I H _I H COS Y (correlation spectroscopy, through 
bond interactions) and IH-IH NOESY (nuclear Overhauser effect spectroscopy, through 
space interactions) spectra. 13C-NMR spectra were recorded with proton decoupling, 
and were assigned with assistance from IH_ 13C HSQC (heteronuclear single quantum 
correlation) and 13C DEPT (distortionless enhancement by polarization transfer) spectra. 
IIB_NMR spectra were recorded with proton decoupling. 
Electron-ionisation mass spectra were recorded with a Micromass AutoSpec 
spectrometer, with GC-MS on a Thermo Finnigan TRACE GCMS. Electrospray ion-
isation mass spectra were recorded with a Micromass LCT spectrometer with methanol 
as the carrier solvent. MALDI mass spectra were recorded by the EPSRC National 
Mass Spectrometry Service at the University of Wales, Swansea. Accurate mass spectra 
were recorded with a Micromass LCT spectrometer at 5000 resolution using sodium 
147 
Chapter 6 - Experimental 
iodide as the reference. Accurate mass spectra were also recorded by the EPSRC 
National Mass Spectrometry Service. 
Infra-red spectra were recorded with a Perkin-Elmer 1600 FTIR spectrometer 
operated using GRAMS software. Solid samples were examined as KBr discs, and 
liquid samples as thin films. 
Elemental analysis was performed using an Exeter Analytical E-440 elemental 
analyser. 
Melting points were determined on a Sanyo-Gallenkamp MPD350.BM3.5 
melting point apparatus and are uncorrected for the apparatus. 
Single crystal X-ray diffraction experiments were carried out on a SMART 
3-circle diffractometer with a CCD area detector, using graphite-monochromated Mo Ka 
radiation (A. = 0.71073 A). The structures were solved by direct methods and refined by 
full-matrix least squares against r of all data, using SHELXTL software.444 
Photophysical Measurements 
UV -visible absorption spectra were recorded using a Biotech Instruments XS 
spectrometer operating with LabPower software. All samples were studied in quartz 
cuvettes of 1 cm pathlength, against a reference of pure solvent contained within a 
matched cuvette. Extinction coefficients were determined by a dilution technique and 
graphical application of the Beer-Lambert lawl9 (equation 16, where A(A.) is the 
absorbance at a specified wavelength, £(A.) is the related extinction coefficient 
(dm3 mor l cm-I), c is the concentration of the absorbing species (mol dm-3) and I is the 
path length (cm)). 
A(A) = £(A)cl (16) 
Steady-state luminescence spectra were recorded USIng an Instruments S.A. 
Fluoromax-2 spectrometer, equipped with a Hamamatsu R928 photomultiplier tube. All 
samples were studied in quartz fluorescence cuvettes of 1 cm pathlength. Solutions were 
prepared so that the absorbance was ~0.1 to minimise inner filter effects. Emission was 
detected at right angles to the excitation source, with appropriate filters used where 
required to remove second order peaks. All emission spectra were corrected after data 
acquisition for dark count and for the spectral response of the detector. Excitation 
spectra were automatically corrected for lamp output, through use of a beam splitter, 
which directs 8% of the excitation light to a reference photodiode. 
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Aerated luminescence quantum yields were recorded using a dilution technique 
with respect to a standard of ruthenium(II) tris(2,2' -bipyridine) chloride in aqueous 
solution (<1> = 0.028±0.002).400 The quantum yield to be determined may be calculated 
with respect to the standard by application of equation 17,445 where <l> is the lumin-
escence quantum yield, (d/ldA) is the gradient from the plot of integrated emission 
intensity vs. absorbance, 11 is the refractive index of the solvent, and <l>ST, (d/ldA)sT and 
I1sT are the respective values for the standard. Only the gradient of the linear portion of 
the plot was determined. Degassed quantum yields were obtained from the ratio of 
integrated emission intensities from degassed and aerated solutions of the same sample. 
Quantum yields in D20 were estimated from the ratio of integrated emission intensities 
from isoabsorbant D20 and H20 solutions. 
¢=¢ (~J (LJ 




Low temperature (77 K) measurements were obtained from samples held in a 
1 cm pathlength quartz cuvette in a liquid nitrogen cooled cryostat (Oxford Instruments 
Optical Cryostat, DN 1704). The temperature was monitored via a temperature 
controller (Oxford Instruments ITC-60 1). Steady-state luminescence spectra were 
recorded using a Perkin-Elmer LS 50 B luminescence spectrometer, equipped with a 
Hamamatsu R928 photomultiplier tube and operating with FL Winlab 3.0 software. 
Solutions were prepared so that the absorbance was ~0.1 to minimise inner filter effects. 
Emission was detected at right angles to the excitation source. All spectra were 
corrected after acquisition for dark count and for the spectral response of the 
spectrometer. 
Samples of iridium(III) complexes for time-resolved spectroscopy were excited 
In 1 cm pathlength quartz fluorescence cuvettes by third harmonic radiation 
(A = 355 run, ~ 1-2 mJ per pulse, pulse length ~ 7 ns) from a Q-switched N d: Y A Glaser 
(Spectra Physics GCE-150-10). Stray light at 1064 run (fundamental) and 532 nm 
(second harmonic) was removed by the use of optical filters. Emission was detected at 
right angles to the excitation source with a photomultiplier tube (Hamamatsu R928) and 
recorded using a digital storage oscilloscope (Tetronix TDS-340), before transfer to a 
PC for analysis. The raw data was deconvoluted to account for detector response by 
reference to a separate sample of 1,4-bis(5-phenyloxazol-2-yl)benzene (POPOP), a 
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fluorescent dye, and fitted to a single exponential by minimisation of the sum of squared 
residuals. 
Time-resolved spectroscopy of europium(III) complexes was performed on a 
Perkin-Elmer LS 55 spectrometer, equipped with a Hamamatsu R928 photomultiplier 
tube. Luminescence lifetimes were measured by monitoring the integrated intensity of 
light at 616 nm over a fixed gate time (0.1 ms) following a variable delay time (0.1-
10 ms at 0.05 ms intervals for H20 solutions, 0.1-12.0 ms at 0.10 ms intervals for D20 
solutions). Excitation and emission bandpasses were fixed at 10 nm. Luminescence 
lifetimes were determined by fitting to a single exponential by minimisation of the sum 
of squared residuals, and were averaged over three sets of data. 
Density Functional Calculations 
B3L yP density functional theory calculations were performed usmg the 
Gaussian98446 software package. "Double-s" quality basis sets were employed for the 
ligands (6-31 G) and the Ir (LANL2DZ415). The inner core electrons of Ir were replaced 
with a relativistic effective core potential (ECP), leaving the outer core [(5S)2(5p)6] 
electrons and the (5d)6 valence electrons of Ir(III). The geometries were fully optimised 
without symmetry constraints. Time-dependent DFT (TD-DFT) calculations were 
performed at the optimised ground-state geometries using the B3L yP functional. 
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6.1 Synthesis of ligands for iridium(lIl) complexes 




1,1' -Bis( diphenylphosphino )ferrocene (292 mg, 0.53 mmol) and trans-bis( aceto-
nitrile)palladium(II) chloride (135 mg, 0.52 mmol) were placed in separate Schlenk 
tubes. Both tubes were evacuated and back filled with nitrogen three times, and dry 
degassed toluene (10 ml per Schlenk) added to each via cannula transfer. Once all the 
1,1' -bis( diphenylphosphino )ferrocene had dissolved, it was transferred into the second 
Schlenk via cannula transfer and stirred under a nitrogen atmosphere for 17 h. The 
solvent was then decanted via a filter cannula, and the remaining catalyst residue 
washed with degassed toluene (3 x 10 ml). Drying under vacuum gave the desired 
product as a pale orange solid. 
IH_NMR (d6-DMSO, 300 MHz) 8 = 7.87 (8H, m, phenyl (ortho-)), 7.60 (4H, m, 
phenyl (para-)), 7.51 (8H, m, phenyl (meta-)), 4.55 (4H, s, cyc1opentadienyl), 4.24 (4H, 
s, cyc1opentadienyl). 
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6.1.2 5-Bromo-isophthalic acid diethyl ester 
y 0 0 KMn04 .. HO OH 
Br 
Br 





Potassium permanganate (3.0 g, 18.9 mmol) was added to a stirred solution of 
I-bromo-3,5-dimethyl-benzene (1.98 g, 10.7 mmol) in water (40 ml) and heated under 
reflux at 100°C for 3 h. Additional potassium permanganate (9.0 g, 56.6 mmol) was 
added in 3 g portions over a period of 6 h. After heating under reflux at 100°C for a 
further 16 h, the resulting solid was removed by filtration of the hot reaction mixture 
and was washed with hot water. Reduction in volume of the combined filtrates under 
reduced pressure was followed by addition of concentrated HCI and isolation of the 
resulting precipitate by filtration to give the desired product as a colourless solid 
(1.93 g, 73%). 
IH-NMR (d6-Acetone, 200 MHz) 8 = 8.66 (1H, t, J = 1.5, H2), 8.40 (2H, d, 
J = 1.5, H4). 
5-Bromo-isophthalic acid diethyl ester 
Concentrated HCI (1 ml) was added to a solution of 5-bromo-isophthalic acid 
(1.93 g, 7.87 mmol) in ethanol (80 ml) and heated under reflux at 78°C for 12 h. After 
cooling to room temperature, the precipitated solid was removed by filtration and the 
filtrate was neutralised with Na2C03 solution. The precipitated NaCI was removed by 
filtration, and the solvent removed from the filtrate under reduced pressure. The residue 
was added to water (50 ml), extracted into dichloromethane (3 x 50 ml) and the 
combined organic phase dried over MgS04. Removal of solvent under reduced pressure 
and drying under vacuum gave the desired product as a pale yellow solid (890 mg, 
380/0 ). 
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IH-NMR (CDCh, 300 MHz) 8 = 8.60 (1H, t, J = 1.5, H2), 8.34 (2H, d, J = 1.5, 
H
4
), 4.41 (4H, q, J = 7.2, OCfuCH3), 1.41 (6H, t, J = 7.2, OCH2CH3). 13CeH}-NMR 
(CDCI3, 63 MHz) 8 = 164.4 (C=O), 136.4 (CH), 132.6 (cq), 129.1 (CH), 122.4 (cq), 
61.7 (OCH2CH3), 14.2 (OCH2CH3). MS (EI) mlz = 300/302 (M+), 272/274 
(M+ - C2H4), 255/257 (M+ - OEt), 244/246 (~- 2 x C2H4), 227/229 (M+ - C02Et), 
221 (M+ - Br), 199/201 (M+ - C2H4 & C02Et), 2541156 (M+ - 2 x C02Et), 45 (EtO+e ), 
29 (Et+e ). IR (KBr disc) v = 1719 cm-1 (C02Et, C=O stretch). 
6.1.3 4'-Bromo-2,2':6',2"-terpyridine 






6 ~ HBr-AcOH 
Br 
6 
1, 5-Dipyridin-2-ylpentane-1, 3, 5-trione448 
o 
6 
A solution of pyridine-2-carboxylic acid ethyl ester (14.6 g, 96.5 mmol) and 
acetone (2.39 ml, 32.5 mmol) in dry degassed 1,2-dimethoxyethane (50 ml) was added 
to a suspension of sodium hydride (3.92 g, 163 mmol) in dry degassed 1,2-dimethoxy-
ethane (50 ml) under a nitrogen atmosphere. The reaction mixture was stirred at room 
temperature until a bright orange suspension was obtained (15 minutes), then heated 
under reflux at 83°C for 6 h. After cooling to room temperature, the solvent was 
removed under reduced pressure, and the residue dissolved in water (100 ml) and 
filtered through Celite®. The filtrates were adjusted to pH 7, and the resulting 
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precipitate isolated by filtration, washed with water and dissolved in diethyl ether. 
Drying over MgS04 and removal of solvent under reduced pressure gave the desired 
product as a yellow solid (6.12 g, 70%). 
IH-NMR (CDCb, 300 MHz) 8 = 8.61 (2H, d, J = 4.5, H6), 7.94 (2H, d, J = 8.0, 
H3), 7.76 (2H, td, J = 7.7, 1.8, H4), 7.32 (2H, ddd, J = 7.7, 4.6, 1.2, H5), 6.74 (2H, s, 
CH=COH), 1.49 (2H, s, OH). * 
l'H-2,2':6',2"-Terpyridin-4'-one448 
A. solution of 1,5-dipyridin-2-ylpentane-l,3,5-trione (7.36 g, 27.4 mmol) and 
ammonium acetate (15.3 g, 198.0 mmol) in ethanol (l00 ml) was heated under reflux at 
78°C for 6 h. After cooling to room temperature, the reaction mixture was concentrated 
under reduced pressure and cooled to give a white precipitate. This was isolated by 
filtration, washed with cold diethyl ether and dried under vacuum to give the desired 
product as a white solid (5.37 g, 79%). 
IH-NMR (CDCI3, 200 MHz) 8 = 12.09 (lH, br s, NH), 8.80 (2H, dt, J = 4.9, 1.2, 
H6), 7.96 (2H, d, J = 8.1, H3), 7.89 (2H, td, J = 8.1, 1.5, H4), 7.45 (2H, ddd, J = 7.0,4.7, 
1.7, H5), 7.23 (2H, s, H3). Characterisation data are consistent with that in the 
literature.449 
2,2 I: 6 ',2 "-terpyridin-4 I_yl trifluoromethanesulfonate 450 
Trifluoromethanesulfonic anhydride (3.21 g, 11.4 mmol) was added to a stirred 
solution of I 'H-2,2 ':6',2"-terpyridin-4'-one (2.64 g, 10.6 mmol) in dry pyridine (25 ml) 
at O°C. The mixture was stirred for 30 minutes at O°C before being allowed to warm to 
room temperature and stirring for a further 72 h. The reaction mixture was poured into 
ice/water (200 ml) and stirred for 30 minutes to precipitate a light brown solid. This was 
isolated by filtration, washed with cold water and recrystallised from hexane to give the 
desired product as a white flocculent solid (2.01 g, 50%). 
IH-NMR (CDCb, 200 MHz) 8 = 8.72 (2H, dt, J = 4.8, 0.8, H6), 8.62 (2H, d, 
J = 8.0, H3), 8.42 (2H, s, H3), 7.89 (2H, td, J = 7.6, 1.6, H4), 7.39 (2H, ddd, J = 7.53, 
4.96, 1.13, H5). Characterisation data are consistent with that in the literature.45o 
• As discussed by Constable and Ward, l'H-2,2':6',2"-terpyridin-4'-one may exist as three possible keto-
448 I I' f th d' Ie' enol tautomers in solution, The H-NMR data above suggests a arge proportIOn 0 e I-eno lorm In 
this case, 
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4 '-Bromo-2, 2 ':6 ',2 "-terpyridine451 
2,2':6',2"-Terpyridin-4'-yl trifluoromethanesulfonate (2.01 g, 5.27 mmol) was 
added to hydrogen bromide in acetic acid (40 ml) and heated to 110°C for 6 h. After 
cooling to room temperature, the reaction mixture was poured into ice and stirred until 
all of the ice had melted. On making basic with KOH solution a pink precipitate formed, 
which turned white on addition of sufficient base. The solution was extracted into di-
chloromethane (3 x 100 ml), and the solvent removed under reduced pressure to give 
the desired product as a pale yellow solid (1.60 g, 98%). 
1 _ _ 6 3' H-NMR (CDCb, 300 MHz) 8 - 8.71 (2H, d, J - 4.7, H ), 8.66 (2H, s, H ),8.59 
(2H, d, J = 8.1, H3), 7.87 (2H, td, J = 7.7, 1.6, H4), 7.36 (2H, dd, J = 7.5, 5.2, H5). 
13CeH}-NMR (CDCb, 101 MHz) 8 = 156.6 (cq), 155.1 (cq), 149.4 (CH), 137.1 (CH), 
135.2 (cq), 124.4 (CH), 124.3 (CH), 121.5 (CH). MS (El) mlz = 3111313 (M+), 232 
(M+ - Br), 155 (M+ - Br, py), 78 (py +e). Characterisation data are consistent with that in 
the literature.452 




[ 1 , 1 ' -B is( di pheny lphosphino )ferrocene ]palladi um(II) chloride (30 mg, 
0.04 mmol), potassium acetate (546 mg, 5.57 mmol), bis(neopentyl glycolato)diboron 
(455 mg, 2.01 mmol) and 4'-bromo-2,2':6',2"-terpyridine (596 mg, 1.91 mmol) were 
placed in a Schlenk tube, which was then evacuated and back-filled with nitrogen three 
times. Dry dimethyl sulfoxide (10 ml) was degassed by three freeze-pump-thaw cycles, 
transferred to the solids by cannula transfer and heated to 80°C for 5 ~ h. After cooling 
to room temperature, the reaction mixture was diluted with toluene (100 ml), washed 
with water (5 x 100 ml) and dried over MgS04 before removal of solvent under reduced 
pressure. The residue was dissolved in a dichloromethane-methanol mixture, followed 
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by concentration of the solution under reduced pressure. * Isolation of the resulting 
precipitate and drying under vacuum gave the desired product as a colourless solid 
(180 mg, 15%). 
IH-NMR (CDCb, 200 MHz) 8 = 8.80 (2H, s, H3), 8.72 (2H, d, J = 4.8, H6), 8.61 
(2H, d, J = 8.0, H3), 7.84 (2H, td, J = 7.8, 1.8, H4), 7.31 (2H, ddd, J = 7.56, 4.79, 1.31, 
HS), 3.82 (4H, s, CH2), 1.04 (6H, s, CH3). 13C{IH}-NMR (CDCb, 101 MHz) 8 = 156.7 
(cq), 154.7 (cq), 149.2 (C6), 136.8 (C4), 125.7 (C3), 123.5 (Cs), 121.2 (C3), 72.4 
(OCH2C), 32.0 (C(CH3)2), 21.9 (CH3). llBeH}-NMR (CDCb, 128 MHz) 8 = 26 
(B(neo)). MS (EI) mlz = 345 (M+), 330 (M+ - Me), 260 (M+ - CSH90), 233 
(M+ - B(neo )), 78 (py +e). Characterisation data are consistent with that in the 
literature.313 
6.1.5 5-(2,2':6',2"-Terpyridin-4'-yl)-isophthalic acid diethyl ester 83 
[tpyiade] 
Et02CyC02Et 
+ I ~ 
Br 
6 
Sodium carbonate (200 mg, 1.89 mmol) in water (~ m!) was added to a solution 
of 4' -( 5 ,5-dimethyl-[ 1 ,3,2]dioxaborinan-2-yl)-2,2' :6' ,2" -terpyridine (290 mg, 
0.84 mmol) and 5-bromo-isophthalic acid diethyl ester (231 mg, 0.77 mmol) in 1,2-di-
methoxyethane (10 ml) and degassed by three freeze-pump-thaw cycles. Addition of 
tetrakis(triphenylphosphine )palladium(O) (49 mg, 0.04 mmol) was followed by stirring 
at room temperature for 30 minutes then heating to 95°C for 18 h. The progress of the 
reaction was followed by TLC (alumina, hexane/ether, 50/50). After cooling to room 
temperature, the precipitated solid was removed by filtration and washed with 
1,2-dimethoxyethane, before removal of solvent under reduced pressure. The residue 
was dissolved in dichloromethane (100 ml), washed with dilute NaHC03 solution 
• This additional purification, not reported by Aspley and Williams,313 allows removal of unreacted 
bis(neopentylglycolato )diboron. 
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(3 x 50 ml) and dried over MgS04• Removal of solvent under reduced pressure 
followed by recrystallisation of the residue from ethanol gave the desired product as a 
colourless solid (143 mg, 420/0), mp = 197.5-198.7°C. 
1 3' H-NMR (CDCh, 300 MHz) 8 = 8.76 (2H, s, H ), 8.75-8.77 (lH, obscured by 
singlet at 8.76 ppm, Ha), 8.73 (2H, br d, J = 4.5, H6), 8.70 (2H, d, J = 1.5, Hb), 8.67 (2H, 
d, J = 8.1, H3), 7.89 (2H, td, J = 7.7, 1.6, H4), 7.37 (2H, ddd, J = 7.5,4.8,0.9, H5), 4.47 
(4H, q, J = 7.0, OCfuCH3), 1.45 (6H, t, J = 7.1, OCH2CH3). 13C{IH}_NMR (CDCb, 
101 MHz) 8 = 165.8 (C02Et), 156.4 (cq), 156.0 (cq), 149.3 (CH), 148.9 (cq), 139.8 
(cq), 137.2 (CH), 132.6 (CH), 132.0 (cq), 131.1 (CH), 124.2 (CH), 121.6 (CH), 119.3 
(CH), 61.8 (C02CH2CH3), 14.5 (C02CH2CH3). MS (EI) mlz = 453 (M+), 408 
(M+ - ~Et), 381 (M+ - C02Et), 353 (M+ - C02Et & C2~), 308 (~- 2 x C02Et), 149 
(C6H4C02Et-). IR (KEr disc) v = 1725 cm -I (C02Et, C=O stretch). 
6.1.6 4-(2,2':6',2"-Terpyridin-4'-yl)benzoic acid ethyl ester [tpybae] 
EtOH 
6 
A solution of 4-(2,2':6',2"-terpyridin-4'-yl)benzoic acid (1.40 g, 3.96 mmol) in 
DMSO (5 ml) was stirred at room temperature for 30 minutes. After this period, ethanol 
(60 ml) and concentrated H2S04 (I ml) were added, and the suspension was stirred 
under reflux at 78°C for three days. After cooling to room temperature, the resulting 
solid was isolated by filtration and dried under vacuum, to give the desired product as a 
colourless solid (815 mg, 540/0), mp >250°C. 
IH-NMR (d6-DMSO, 500 MHz) 8 = 9.01 (2H, d, J = 7.9, H3), 8.93 (2H, d, 
J = 5.3, H6), 8.89 (2H, s, H3), 8.44 (2H, td, J = 7.9, 1.3, H4), 8.18 (2H, d, J = 8.5~ Hb), 
8.14 (2H, d, J = 8.5, Ha), 7.88 (2H, ddd, J = 7.7, 5.2, 0.7, H5), 4.37 (2H, q, J = 7.2, 
C02ClliCH3), 1.37 (3H, t, J = 7.0, C02CH2CH3). I3CCH}-NMR (d6-DMSO, 126 MHz) 
8 = 165.4 (C=O), 152.3 (cq), 150.9 (cq), 149.4 (cq), 146.6 (C6), 142.2 (C4). 140.6 (eq). 
131.1 (eq), 130.1 (Ca), 127.8 (eb), 126.4 (e5). 123.4 (C3), 120.5 (e3), 61.2 
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(C02CH2CH3), 14.3 (C02CH2CH3). MS(ES+) mlz = 382 ([M+Ht). IR (KBr disc) v 
= 1699 cm-1 (C02Et, C=O stretch). 




A mixture of 2-tri-n-butylstannylpyridine (4.87 g, 77% pure by mass by IH 
NMR assay, 10.2 mmol), 1,3-dibromobenzene (505 ~l, 4.2 mmol), bis-
(triphenylphosphine )palladium(II) chloride (187 mg, 0.27 mmol) and lithium chloride 
(1.45 g, 34.2 mmol) in dry toluene (40 ml) was degassed by three freeze-pump-thaw 
cycles, then heated under reflux at 111°C under a nitrogen atmosphere for three days. 
The progress of the reaction was followed by TLC (silica, hexane). After cooling to 
room temperature, saturated KF solution (15 ml) was added, and the solution stirred for 
30 minutes. The precipitated solid was removed by filtration and washed with water 
(50 ml). NaHC03 solution (10%, 100 ml) was then added to the combined filtrates. 
Extraction into dichloromethane (2 x 200 ml) and drying over MgS04 was followed by 
removal of solvent under reduced pressure. The residue was purified by column 
chromatography (silica, hexaneldiethyl ether, gradient elution from 10010 to 30170) to 
give the desired product as an orange oil (600 mg, 620/0). 
IH-NMR (CDCh, 300 MHz) 8 = 8.72 (2H, d, J = 4.7, H6), 8.63 (1H, t, J = 1.9, 
2' 4' _ 3 _ H ),8.06 (2H, dd, J = 7.7, l.9, H ),7.85 (2H, d, J - 8.1, H ), 7.77 (2H, td, J - 8.0, l.9, 
H4), 7.59 (1H, t, J = 7.8, HS), 7.25 (2H, ddd, J = 7.5, 4.8, l.2, HS). MS(EI) mlz = 232 
(M+), 231 (M+ - H), 154 (M+ - CSNH5), 78 (C5NH4 +e). Characterisation data are 
. . h h . h 1· 308 consIstent WIt t at In t e Iterature. 
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6.1.8 1,5-Di(pyrid-2-yl)-2,4-dimethylbenzene 85 [dpydmbH] 
3 
__ B_r_2---l." xx~ 






Bromine (43.8 g, 274 mmol) was added over five minutes with stirring to meta-
xylene (13.0 g, 122 mmol), followed by addition of iodine (0.5 g, 1.97 mmol) over a 
further 30 minutes, and stirring at room temperature for an additional 3 h. After this 
period, NaOH solution (4 mol dm -3, 100 ml) was added and the reaction mixture was 
stirred for 15 minutes. The resulting precipitate was isolated by filtration, dried under 
vacuum, and recrystallised from ethanol to give the desired product as a white solid 
(15.7 g, 49%). 
IH-NMR (CDCb, 200 MHz) 8 = 7.68 (1H, s, H6), 7.10 (1H, s, H3), 2.31 (6H, s, 
Me). IH-NMR (d6-Acetone, 200 MHz) 8 = 7.72 (1H, s, H6), 7.31 (1H, s, H3), 2.31 (6H, 
s, Me). 13CeH}-NMR (CDCb, 126 MHz) 8 = 137.0 (cq), 135.0 (CH), 132.7 (CH), 
122.1 (cq), 22.4 (CH3). MS(EI) mlz = 262/264/266 (~), 183/185 (M+ - Br), 104 
(M+ - 2 x Br), 103 (M+ - Br, HBr). Characterisation data are consistent with that in the 
literature.453 
1,5-Di(pyrid-2-yl)-2,4-dimethylbenzene 85 [dpydmbH] 
A mixture of 2-tri-n-butylstannylpyridine (9.32 g, 81 % pure by mass by IH 
NMR assay, 20.5 mmol), 1,5-dibromo-2,4-dimethylbenzene (2.28 g, 8.64 mmol), bis-
(triphenylphosphine)palladium(II) chloride (225 mg, 0.32 mmol) and lithium chloride 
(2.68 g, 63.2 mmol) in dry toluene (50 ml) was degassed by five freeze-pump-thaw 
cycles, then heated under reflux at 111°C under a nitrogen atmosphere for 24 h. The 
progress of the reaction was followed by TLC (silica, hexane/diethyl ether, 75/25). 
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After cooling to room temperature, saturated KF solution (20 ml) was added and the 
solution stirred for 30 minutes. The precipitated solid was removed by filtration and 
washed with water (50 ml). NaHC03 solution (100/0, 100 ml) was then added to the 
combined filtrates, extracted into dichloromethane (2 x 200 ml) and dried over MgS04. 
Removal of solvent under reduced pressure and purification of the residue by column 
chromatography (silica, hexaneldiethyl ether, gradient elution from 10010 to 10/90) 
gave the desired product as a pale yellow solid (1.35 g, 61 %), mp = 83.8-85.6°C. 
IH_NMR (CDCh, 500 MHz) 0 = 8.67 (2H, d, J = 4.9, H6), 7.72 (2H, td, J = 7.6, 
4 6' 3 3' 1.8, H ), 7.47 (1H, s, H ), 7.43 (2H, d, J = 7.7, H ), 7.27 (1H, s, H ), 7.23 (2H, ddd, 
J = 7.5, 4.9, 1.2, H5), 2.40 (6H, s, Me). IH-NMR (d6-Acetone, 400 MHz) 0 = 8.66 (2H, 
d, J = 4.7, H6), 7.85 (2H, td, J = 7.6, 1.9, H4), 7.56 (2H, dt, J = 7.9, 1.0, H3), 7.51 (1H, s, 
6' 5 3' 1 H ), 7.32 (2H, ddd, J = 7.7,4.9, 1.3, H ), 7.23 (1H, s, H ), 2.41 (6H, s, Me). H-NMR 
(d6-DMSO, 400 MHz) 0 = 8.66 (2H, d, J = 5.0, H6), 7.86 (2H, td, J = 7.7, 1.9, H4), 7.57 
_ 3 6' _ 5 (2H, dt, J - 7.9, 1.0, H ), 7.43 (1H, s, H ), 7.35 (2H, ddd, J - 7.6, 4.8, 1.2, H ), 7.26 
(lH, s, H3), 2.37 (6H, s, Me). 13C{IH}-NMR (CDCh, 126 MHz) 0 = 159.8 (cq), 149.3 
(C6), 138.2 (cq), 136.2 (C4), 135.9 (cq), 133.4 (C3), 131.2 (C6), 124.3 (C3), 121.6 (C5), 
20.1 (CH3). MS(EI) mlz = 260 (~), 259 (M+ - H), 245 (~- Me), 78 (C5NH/e ). 
MS(ES+) mlz = 261 ([M+Ht), 283 ([M+Nat). HRMS(ES+) mlz = 283.1198 
([M+Nat); calc. for CI8HI6N2Na, 283.1211. Found: C,80.85; H,6.29; N, 10.28%. 
C18H 16N2. 'i'2H20 requires: C, 80.27; H, 6.36; N, 10.40%. One spot by TLC(silica), 
Rf = 0.6 in dichloromethane/methanol, 90/1 O. 
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6.1.9 1,3,5-Tri-pyridin-2-ylpentane-1 ,5-dione 89* 
+ 2 Oy NaOH 
o 
6 
A solution of 2-acetylpyridine (8.4 ml, 75.0 mmol), 2-pyridinecarboxaldehyde 
(3.1 ml, 32.4 mmol) and sodium hydroxide (2.0 g, 50.0 mmol) in a mixture of water 
(25 ml) and ethanol (35 ml) was stirred at room temperature for 3 h. After this period, 
water (150 ml) was added and the resulting solid isolated by filtration, washed with 
water and recrystallised from a 1: 1 mixture of ethanol and water, to give the desired 
product as a colourless solid (6.93 g, 65%). 
lH-NMR (CDCh, 400 MHz) (5 = 8.60 (2H, d, J = 4.6, H6), 8.40 (lH, d, J = 4.8, 
6' 3 4 4' H ), 7.92 (2H, d, J = 8.0, H), 7.74 (2H, t, J = 7.6, H), 7.53 (1H, t, J = 7.7, H ), 
3' 5 _ 5' . 7.35-7.41 (3H, m, H & H), 7.00 (1H, t, J - 6.0, H ),4.16 (1H, qUIntet, 5.0 Hz, CH), 
3.87 (2H, dd, J = 18.0, 7.6, CH2), 3.62 (2H, dd, J = 18.0, 5.6, CH2). IH-NMR (d6-
6 6' DMSO, 500 MHz) (5 = 8.70 (2H, d, J = 4.0, H ), 8.38 (1H, d, J = 4.0, H ), 7.98 (2H, td, 
J = 7.7, 1.8, H4), 7.89 (2H, d, J = 7.7, H3), 7.67 (1H, td, J = 7.7, 1.8, H4), 7.64 (2H, ddd, 
5 _ 3' _ 5' J = 7.7, 4.8,1.5, H ),7.37 (1H, d, J - 8.1, H ),7.14 (1H, ddd, J - 7.3, 4.8,1.1, H ),4.09 
(lH, quintet, 7.0 Hz, CH), 3.87 (2H, dd, J = 17.8, 7.9, CH2), 3.53 (2H, dd, J = 17.8, 6.1, 
CH2). 13CeH}-NMR (d6-DMSO, 101 MHz) (5 = 199.9 (C=O), 162.9 (cq), 152.7 (cq), 
149.1 (CH), 148.6 (CH), 137.4 (CH), 136.2 (CH), 127.6 (CH), 123.1 (CH), 121.3 (CH), 
121.2 (CH), 42.2 (CH2), 37.4 (CH). MS(ES+) mlz = 332 ([M+Ht). IR (KBr disc) v 
= 1696 cm -I (ketone, c=o stretch), 1570 cm- l (ketone, C=O stretch). 
• An adaptation of the procedure used for the synthesis of 1,5-di(pyridin-2-yl)-3-(pyrid-4'-yl)pentane-
1 ,5-dione was followed. 454 
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6.1.10 1-Pyridin-2-ylpropan-1-one356 
U + EtMgBr 
N eN 
o 
Ethylmagnesium bromide (3.0 mol dm -3 solution in diethyl ether, 22.0 ml, 
66 mmol) in dry diethyl ether (80 ml) was added dropwise with stirring to a solution of 
2-cyanopyridine (8.66 g, 83 mmol) in dry diethyl ether (100 ml) at O°C under a nitrogen 
atmosphere. The reaction mixture was then heated under reflux at 35°C for 2~ h. After 
cooling to O°C, water (5 mI) was added with care, followed by 2.5 mol dm -3 H2S04 
(60 mI). The organic layer was separated, and extracted into 1 mol dm -3 H2S04 
(2 x 30 ml). The combined acid washings were heated in a water bath for 15 min, then 
neutralised with 1.5 mol dm -3 K2C03 solution (150 ml) at O°C. The resulting white 
precipitate was extracted into dichloromethane (4 x 100 ml), dried over K2C03, and the 
solvent removed under reduced pressure to give the desired product as a brown oil 
(6.91 g, 77%). 
IH-NMR (CDCh, 300 MHz) 8 = 8.68 (1H, ddd, J = 4.7, 1.6, 0.9, H6), 8.05 (lH, 
dt, J = 7.9,1.1, H3), 7.83 (1H, td, J = 7.7,1.7, H4), 7.47 (1H, ddd, J = 7.5,4.7,1.3, H5), 
3.25 (2H, q, J = 7.3, CH2), 1.22 (3H, t, J = 7.2, CH3). 13CeH}-NMR (CDCh, 101 MHz) 
8 = 202.7 (C=O), 153.6 (cq), 149.0 (CH), 136.9 (CH), 127.1 (CH), 121.8 (CH), 31.2 
(COCH2CH3), 8.1 (COCH2CH3). MS(ES+) mlz = 136 ([M+Hr), 271 ([2M+Ht). IR 
(thin film) v = 1699 cm -I (ketone, C=O stretch). Characterisation data are consistent 
with that in the literature.455 
6.1.11 1-(2-0xo-2-phenylethyl)pyridinium iodide 
3 
Oy~ 12 40Y I~, // ----.~ ~NO"::: 3' pyridine 0 ~ 4' 
o 
A solution of iodine (5.1 g, 20.1 mmol) in pyridine (15 ml) was added at room 
temperature to a solution of acetophenone (2.3 ml, 19.7 mmol) in pyridine (5 ml), then 
heated to 100°C for 3 h. After cooling to room temperature and standing overnight, the 
resulting precipitate was isolated by filtration and washed with pyridine, dissolved in a 
162 
Chapter 6.1 - Experimental- Synthesis of ligands for iridium(III) complexes 
hot mixture of ethanol (120 ml) and water (80 ml), then treated with decolourising 
charcoal and filtered whilst still hot. Reduction in volume of the filtrate, followed by 
cooling, resulted in a brown precipitate that was collected by filtration, washed with 
cold water and dried under vacuum to give the desired product as a pale brown solid 
(3.85 g, 60%), mp = 190.4-194.8°C. 
IH-NMR (d6-DMSO, 300 MHz) 8 = 9.00 (2H, d, J = 5.4, H2), 8.75 (1H, tt, 
- 4' _ 3' 2 J - 7.8, 1.2, H ), 8.29 (2H, dd, J - 7.7, 6.7, H ), 8.07 (2H, dd, J = 8.6, 1.4, H ), 7.81 
(1H, tt, J = 7.4, 1.2, H4), 7.67 (2H, t, J = 7.9, H3), 6.49 (2H, s, CH2). 13CeH}-NMR (d6-
DMSO, 101 MHz) 8 = 190.6 (C=O), 146.4 (CPYl, 146.3 (CPYl, 134.7 (CH), 133.5 (cq), 
129.1 (CH), 128.2 (CH), 127.8 (CPY+), 66.2 (CH2). MS(ES+) mlz = 198 (M+). MS(ES-) 
mlz = 127 (r). IR (KBr disc) v = 1697 cm-I (ketone, c=o stretch). 
6.1.12 2-(1-(3-Cyanophenyl)-1-oxoethyl)pyridinium iodide 




+ O~3' 04' 
A solution of iodine (5.10 g, 20.1 mmol) in pyridine (15 ml) was added at room 
temperature to a solution of 3-acetylbenzonitrile (2.75 g, 18.9 mmol) in pyridine (5 ml), 
then heated to 100°C for 3 h. After cooling to room temperature and standing overnight, 
the resulting precipitate was isolated by filtration and washed with pyridine, dissolved 
in a hot mixture of ethanol (120 ml) and water (80 ml), then treated with decolourising 
charcoal and filtered whilst still hot. Reduction in volume of the filtrate, followed by 
cooling, resulted in a yellow precipitate that was collected by filtration, washed with 
cold water and dried under vacuum to give the desired product as a pale yellow solid 
(4.43 g, 67%), mp = 181.7-183.8°C. 
IH-NMR (d6-DMSO, 300 MHz) 8 = 8.98 (2H, d, J = 5.5, H2), 8.76 (lH, t, 
J = 7.8, H4), 8.58 (lH, s, H2), 8.26-8.37 (4H, m, H3', H4 & H6), 7.89 (lH, t, J = 7.9, H5), 
6.49 (2H, s, CH2). 13CeH}-NMR (d6-DMSO, 101 MHz) 8 = 189.6 (C=O), 146.6 (CPY+), 
146.3 (CPY+), 137.7 (CH), 134.4 (cq), 132.5 (CH), 132.1 (CH), 130.5 (CH), 128.0 (Cpy+), 
117.8 (cq), 112.3 (cq), 66.3 (CH2). MS(ES+) mlz = 223 (M+). MS(ES-) mlz = 127 (r). 
IR (KBr disc) v = 1701 cm-I (ketone, C=O stretch), 2231 cm -I (nitrile, C=N stretch). 
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6.1.13 1-(2-(2,4-Difluorophenyl)-2-oxoethyl)pyridinium iodide 
Fir) __ 12_~ .. YY pyridine 
F 0 F o 
r 
2' 
+ O~3' ~ 4' 
2,4-Difluoroacetophenone (2.39 ml, 18.9 mmol) was added at room temperature 
to a solution of iodine (5.18 g, 20.4 mmol) in pyridine (20 ml), then heated to 100°C for 
3 h. After cooling to room temperature and standing for 3 h, the resulting precipitate 
was isolated by filtration and washed with pyridine, dissolved in a hot mixture of 
ethanol (50 ml) and water (50 ml), then treated with decolourising charcoal and filtered 
whilst still hot. Removal of solvent under reduced pressure then recrystallisation from 
water gave the desired product as a yellow solid (3.17 g, 470/0), mp = 176.6-178.5°C. 
I 2' H-NMR (d6-DMSO, 400 MHz) 8 = 8.93 (2H, d, J = 5.9, H ), 8.71 (1H, t, 
4' 3' 6 J = 7.7, H ), 8.24 (2H, dd, J = 7.4, 6.7, H ), 8.08 (1H, td, J = 8.6, 6.6, H ), 7.58 (1H, 
ddd, J = 11.7, 9.2, 2.4, H3), 7.35 (1H, td, J = 8.5, 2.5, H5), 6.26 (2H, d, J = 3.2, CH2). 
13CCH}-NMR (d6-DMSO, 101 MHz) 8 = 187.0 (d, J = 5.1, C=O), 166.1 (dd, J = 254.7, 
15.6, C2 or C4), 162.7 (dd, J = 252.8, 13.4, C2 or C4), 146.5 (s, CPYl, 146.2 (s, CPYl, 
132.7 (dd, J = 11.3, 3.8, C6), 127.7 (s, CPY+), 119.0 (dd, J = 13.1, 3.7, C l), 113.1 (dd, 
J = 21.9, 3.2, C5), 105.5 (t, J = 2.5, C3), 68.6 (d, J = 13.3, CH2). 19F-NMR (d6-DMSO, 
282 MHz) 8 = -100.1 (IF, m), -103.5 (1F, m). MS(ES+) mlz = 234 (M+). IR (KBr disc) 
v = 1689 cm- l (ketone, c=o stretch). 
6.1.14 1-(2-Qxo-2-pyridin-2-ylethyl)pyridinium iodide 
4 
OyN~~ I 5~~ 3 I~, 2 6 ~ +0 3' ----.~ N N ~ pyridine 0 I 
o ~ 4' 
A solution of iodine (6.6 g, 26.0 mmol) in pyridine (15 ml) was added at room 
temperature to a solution of 2-acetylpyridine (2.8 ml, 25.0 mmol) in pyridine (5 ml), 
then heated to 100°C for 3 h. After cooling to room temperature and standing overnight, 
the resulting precipitate was isolated by filtration and washed with pyridine, dissolved 
in a hot mixture of ethanol (40 ml) and water (80 ml), then treated with decolourising 
charcoal and filtered whilst still hot. Reduction in volume of the filtrate followed by 
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cooling resulted in a brown precipitate that was collected by filtration, washed with cold 
water and dried under vacuum to give the desired product as a pale brown solid (4.71 g, 
580/0 ). 
IH-NMR (d6-DMSO, 300 MHz) 8 = 9.02 (2H, d, J = 5.5, H2), 8.88 (lH, d, 
J = 4.6, H6), 8.74 (lH, t, J = 7.8, H4), 8.29 (2H, dd, J = 7.6, 6.7, H3), 8.l5 (lH, td, 
J = 7.6, 1.6, H4), 8.08 (lH, d, J = 7.8, H3), 7.84 (lH, ddd, J = 7.3, 4.8, 1.4, H5), 6.52 
(2H, s, CH2). 13CeH}-NMR (d6-DMSO, 101 MHz) 8 = 191.4 (C=O), 150.4 (cq), 149.5 
(CH), 146.3 (CPY+), 146.3 (CPY+), 138.l (CH), 129.l (CH), 127.7 (CPYl, 122.0 (CH), 
66.6 (CH2). MS(ES+) mlz = 199 (M+). MS(ES-) mlz = 127 (1-). IR (KBr disc) v 
= 1710 cm-I (ketone, C=O stretch). 
6.1.15 1-(2-0xo-2-(2-thienyl)ethyl)pyridinium iodide 
4 3 r 
ns \ ~ __ '2 - ... ~ 
"s/ Y pyridine 
o 
W\ 2' 5 +03' S N ~ I o 04' 
2-Acetylthiophene (2.05 ml, 19.0 mmol) was added at room temperature to a 
solution of iodine (5.24 g, 20.6 mmol) in pyridine (20 ml), then heated to 100DC for 4 h. 
After cooling to room temperature and standing overnight, the resulting precipitate was 
is.olated by filtration and washed with pyridine, dissolved in a hot mixture of ethanol 
(50 ml) and water (50 ml), then treated with decolourising charcoal and filtered whilst 
still hot. Reduction in volume of the filtrate followed by cooling resulted in an orange 
precipitate that was collected by filtration, washed with cold water and dried under 
vacuum to give the desired product as an orange solid (3.62 g, 58%). 
1 2' H-NMR (d6-DMSO, 400 MHz) 8 = 9.03 (2H, d, J = 6.0, H ), 8.75 (IH, t, 
4' _ 3' _ 3 5 J = 7.8, H ), 8.28 (2H, t, J - 6.9, H ), 8.24 (lH, dd, J - 4.9, 1.1, H or H ), 8.22 (lH, dd, 
J = 3.9, 1.1, H3 or H5), 7.42 (lH, dd, J = 4.9, 3.9, H4), 6.43 (2H, s, CH2). 13CeH}-NMR 
(d6-DMSO, 101 MHz) 8 = 183.5 (C=O), 146.5 (CPY+), 146.3 (CPY+), 139.2 (cq), 136.8 
(CH), 134.9 (CH), 129.3 (CH), 127.8 (CPY+), 65.6 (CH2). MS(ES+) mlz = 204 (M+). IR 
(KBr disc) v = 1662 cm -I (ketone, C=O stretch). Characterisation data are consistent 
with that in the literature.357 
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6.1.16 4-p-Tolyl-2,6-diphenylpyridine 91 [tdppyH21 
+ () _N_a_O_H~ •• ~ H20/EtOH 
° 
I-Phenyl-3-p-tolyl-propenone 
A solution of p-tolualdehyde (1.9 ml, 16.1 mmol), acetophenone (2.9 ml, 
24.5 mmol) and sodium hydroxide (1.00 g, 25.0 mmol) in a mixture of water (30 ml) 
and ethanol (60 ml) was stirred at room temperature for 2 h. After this period, the 
resulting precipitate was isolated by filtration, washed with water, and dried under 
vacuum to give the desired product as a pale yellow solid (3.68 g, 100%). 
IH-NMR (CDCh, 400 MHz) 8 = 8.02 (2H, d, J = 8.1, H2), 7.81 (1H, d, J = 15.7, 
HC), 7.47-7.62 (6H, m, Hb, Hd, H3 & H4), 7.23 (2H, d, J = 8.1, Ha), 2.40 (3H, s, Me). IH_ 
NMR (d6-DMSO, 500 MHz) 8 = 8.14 (2H, dd, J = 8.0, 1.5, H2), 7.89 (1H, d, J = 15.4, 
HC), 7.79 (2H, d, J = 8.1, Hb), 7.72 (1H, d, J = 15.8, Hd), 7.67 (1H, tt, J = 7.3, 1.3, H4), 
7.58 (2H, t, J = 7.5, H3), 7.28 (2H, d, J = 8.1, Ha), 2.36 (3H, s, Me). 13CeH}-NMR 
(CDCh, 101 MHz) 8 = 190.8 (C=O), 145.1 (CH), 141.2 (cq), 138.5 (cq), 132.8 (CH), 
132.3 (cq), 129.8 (CH), 128.7 (CH), 128.6 (CH), 128.6 (CH), 121.3 (CH), 21.7 (CH3). 
MS(EI) mlz = 222 (M+), 221 (M+ - H), 207 (M+ - CH3), 145 (CH3C6H4CHCH(COt), 
105 (C6H5(COt), 77 (C6H5 +). IR (KBr disc) v = 1655 cm -1 (ketone, C=O stretch). One 
spot by TLC(silica), Rf = 0.4 in hexane/diethyl ether, 90/1 O. 
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4-p-Tolyl-2,6-diphenylpyridine 91 [tdppyH2]* 
A solution of 1-phenyl-3-p-tolyl-propenone (2.45 g, 11.0 mmol), 1-(2-oxo-
2-phenylethyl)pyridinium iodide (3.58 g, 11.0 mmol) and ammonium acetate (11.0 g, 
143.0 mmol) in glacial acetic acid (15 ml) was heated under reflux at 116°C for 1 h. 
After cooling to room temperature and addition of water (50 ml), the resulting precip-
itate was collected by filtration and washed with water. Recrystallisation from ethanol 
gave the desired product as a white solid (2.56 g, 73%), mp 114.2-116.4°C. 
1 2' H-NMR (CDCb, 300 MHz) 8 = 8.20 (4H, dd, J = 6.7, 1.5, H ), 7.88 (2H, s, 
3 _ b _ 3' _ 4' H), 7.66 (2H, d, J -7.9, H), 7.52 (4H, t, J -7.5, H ),7.45 (2H, tt, J -7.1,1.4, H ), 
7.34 (2H, d, J = 7.9, Ha), 2.44 (3H, s, Me). 13CCH}-NMR (CDCb, 126 MHz) 8 = 157.6 
(cq), 150.2 (cq), 139.8 (cq), 139.2 (cq), 136.2 (cq), 130.0 (Ca), 129.1 (C4), 128.8 (C3), 
127.3 (C2), 127.1 (Cb), 117.0 (C3), 21.4 (CH3). MS(ES+) mlz = 322 ([M+Ht)· Found: 
C, 89.59; H,6.00; N,4.39%. C24H19N requires: C, 89.68; H, 5.96; N,4.360/0. 
Characterisation data are consistent with that in the literature.456 
• An adaptation of the procedure used for the synthesis of 2,4,6-triphenylpyridine was fol!owed?86 
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6.1.17 4-p-Tolyl-2,6-di(3-cyanophenyl)pyridine 92 [tcdppyH21 




NC 0 NH40Ac 0 'h-
NC 
5' 
3 -(3 -p-tolyl-prop-2 -e noy/) benzonitri Ie 
A solution of p-tolualdehyde (1.8 ml, 15.4 mmol), 3-acetylbenzonitrile (2.20 g, 
15.2 mmol) and sodium hydroxide (0.68 g, 17.0 mmol) in a mixture of water (20 ml) 
and ethanol (50 ml) was stirred at room temperature for 2~ h. After this period, the 
resulting yellow precipitate was collected by filtration, washed with water and dried 
under vacuum, to give the desired product as a pale yellow solid (3.53 g, 94%), mp 
152.7-154.2°C. 
IH-NMR (CDCh, 400 MHz) 8 = 8.29 (lH, s, H2), 8.23 (lH, dt, J = 8.3, 1.5, H4 
or H6), 7.86 (lH, dt, J = 7.3, 1.3, H4 or H6), 7.84 (lH, d, J = 15.9, vinyl), 7.64 (lH, t, 
J = 7.9, H5), 7.57 (2H, d, J = 8.1, Hb), 7.43 (lH, d, J = 15.7, vinyl), 7.25 (2H, d, J = 7.9, 
Ha), 2.41 (3H, s, Me). IH-NMR (d6-DMSO, 300 MHz) 8 = 8.70 (lH, t, J = 1.4, H2), 8.40 
(lH, dt, J = 8.0, 1.4, H4 or H6), 8.14 (lH, dt, J = 7.7, 1.3, H4 or H6), 7.98 (lH, d, 
J = 15.6, vinyl), 7.75-7.86 (4H, m, vinyl, Hb & H5), 7.30 (2H, d, J = 8.0, Ha), 2.38 (3H, 
s, Me). 13CCH}-NMR (d6-DMSO, 101 MHz) 8 = 187.5 (C=O), 145.3 (CH), 141.1 (cq), 
138.3 (cq), 136.2 (CH), 132.7 (CH), 132.3 (CH), 131.8 (cq), 130.1 (CH), 129.5 (CH), 
129.2 (CH), 120.4 (CH), 118.2 (cq), 112.0 (cq), 21.1 (CH3). MS(EI) mlz = 247 (M+), 
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246 (M+ - H), 232 (M+ - CH3), 145 (CH3C6H4CHCH(COt), 130 (NCC6Ht(Cot), 102 
(NCC6H/). IR (KBr disc) v = 1665 cm -I (ketone, c=o stretch), 2231 cm -I (nitrile, 
C=N stretch). 
4-p-Tolyl-2, 6-di (3 -cyanophenyl) pyridine 92 [tcdppy H2] 
A solution of 3-(3-p-tolyl-prop-2-enoyl)benzonitrile (2.72 g, 11.0 mmol), 
2-(1-(3-cyanophenyl)-I-oxoethyl)pyridinium iodide (3.85 g, 11.0 mmol) and 
ammonium acetate (11.0 g, 143.0 mmol) in glacial acetic acid (15 ml) was heated under 
reflux at 116°C for 1 h. After cooling to room temperature and addition of water 
(50 ml), the resulting precipitate was collected by filtration, washed with water, and 
dried under vacuum to give the desired product as a pale yellow solid (3.51 g, 85%), mp 
221.2-223.2°C. 
1 _ 2' _ 6' H-NMR (CDCb, 500 MHz) 8 - 8.47 (2H, s, H ), 8.43 (2H, d, J - 8.1, H ),7.93 
3 _ 4' b 5' _ (2H, s, H), 7.75 (2H, d, J -7.5, H ),7.63-7.68 (4H, m, H & H ),7.37 (2H, d, J -7.9, 
Ha), 2.47 (3H, s, Me). IH-NMR (d6-DMSO, 300 MHz) 8 = 8.72 (2H, t, J = 1.8, H2), 
5' 3 _ b 8.64 (2H, dt, J = 7.9, 1.8, H ), 8.31 (2H, s, H ), 7.98 (2H, d, J - 7.9, H ), 7.89 (2H, dt, 
J = 7.5, 1.3, H4), 7.74 (2H, t, J = 7.7, H6), 7.37 (2H, d, J = 7.9, Ha), 2.41 (3H, s, Me). 
I3C{IH}-NMR (CDCb, 126 MHz) 8 = 155.5 (cq), 151.3 (cq), 140.4 (cq), 140.0 (Cq), 
135.1 (cq), 132.7 (C4), 131.4 (C6), 130.9 (C2), 130.2 (Ca), 129.8 (Cb or C5), 127.1 (Cb 
or C5), 118.9 (cq), 117.9 (C3), 113.2 (cq), 21.5 (CH3). MS(ES+) mlz = 371 ([M+Ht). 
IR (KBr disc) v = 2228 cm -I (nitrile, C=N stretch). Found: C, 81.69; H,4.58; 
N, 11.24%. C26HI7N3.YzH20 requires: C,82.08; H,4.77; N, 11.05%. One spot by 
TLC(silica), Rf = 0.4 in dichloromethane. 
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6.1.18 2,6-Di(3-cyanophenyl)pyridine ~ [cdppyH21 
£y Me2NH.HCI NMe2·HCI paraformaldehyde NC ~ .. 
HCI 






Hydrochloride salt of 3-(3-dimethylaminopropionyl)benzonitrile· 
A solution of 3-acetylbenzonitrile (1.44 g, 9.9 mmol), paraformaldehyde 
(390 mg), dimethylamine hydrochloride (1.06 g, 13.0 mmol) and concentrated hydro-
chloric acid (20 JlI) in ethanol (10 ml) was heated under reflux at 78°C under a nitrogen 
atmosphere overnight. After cooling to room temperature, the resulting precipitate was 
collected by filtration, washed with ethanol, and dried under vacuum to give the desired 
product as a white solid (1.32 g, 56%), mp 197.8-198.5°C. 
IH-NMR (d6-DMSO, 400 MHz) 8 = 10.70 (1H, br s, NH), 8.51 (lH, t, J = 1.6, 
H2), 8.28 (1H, ddd, J = 8.0,1.7,1.2, H4 or H6), 8.16 (1H, dt, J = 7.8,1.4, H4 or H6), 7.79 
(1H, t, J = 7.9, H5), 3.67 (2H, t, J = 7.2, CH2), 3.40 (2H, t, J = 7.1, CH2), 2.80 (6H, s, 
Me). 13C{IH}-NMR (d6-DMSO, 101 MHz) 8 = 195.4 (C=O), 136.8 (CH), 136.7 (cq), 
132.2 (CH), 132.1 (CH), 130.2 (CH), 118.1 (cq), 112.0 (Cq), 51.4 (CH2), 42.1 (CH3), 
33.4 (CH2). MS(ES+) mlz = 203 ([M+H]l. IR (KBr disc) v = 1687 cm-I (ketone, C=O 
stretch), 2228 cm-I (nitrile, C N stretch). 
• An adaptation of the procedure used for the synthesis of 1-(3-bromophenyl)-3-dimethylaminopropanone 
was followed. 457 
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2,6-Di(3-cyanophenyl)pyridine 94 [cdppyH2J* 
A solution of the hydrochloride salt of 3-(3-dimethylaminoprop-
ionyl)benzonitrile (1.00 g, 4.19 mmol), 2-(1-(3-cyanophenyl)-I-oxoethyl)pyridinium 
iodide (1.73 g, 4.94 mmol) and ammonium acetate (4.94 g, 64.1 mmol) in glacial acetic 
acid (14 ml) was heated under reflux at 116°C for 1 h. After cooling to room 
temperature, the resulting precipitate was isolated by filtration, washed with water, and 
dried under vacuum to give the desired product as a pale brown solid (981 mg, 830/0), 
mp 187.5-188.9°C. 
IH-NMR (CDCh, 400 MHz) 8 = 8.43 (2H, td, J = 1.7, 0.6, H2), 8.38 (2H, ddd, 
_ 4 6 4' 3' J - 7.9, 1.9, 1.2, H or H ), 7.94 (1H, dd, J = 8.3, 7.3, H ), 7.78 (2H, d, J = 7.8, H ), 
7.74 (2H, ddd, J = 7.7, 1.5, 1.3, H4 or H6), 7.64 (2H, td, J = 7.8, 0.6, H5). IH-NMR (d6-
DMSO, 300 MHz) 8 = 8.68 (2H, s, H2), 8.58 (2H, d, J = 7.8, H4 or H6), 8.04-8.16 (3H, 
m, H3' & H4), 7.94 (2H, d, J = 7.8, H4 or H6), 7.75 (2H, t, J = 7.8, H5). 13C{IH}-NMR 
(CDCh, 101 MHz) 8 = 155.0 (cq), 140.1 (cq), 138.5 (C4), 132.7 (C4 or C6), 131.3 (C4 
or C6), 130.8 (C2), 129.8 (C5), 119.8 (C3), 118.9 (cq), 113.2 (cq). 13CeH}-NMR (d6-
DMSO, 101 MHz) 8 = 153.9 (cq), 139.5 (cq), 139.1 (CH), 132.9 (CH), 131.5 (CH), 
130.3 (CH), 130.2 (CH), 120.3 (CH), 118.8 (cq), 112.1 (cq). MS(ES+) mlz = 282 
([M+Ht), 304 ([M+Nat). HRMS(ES+) mlz = 282.1025 ([M+Ht); calc. for C 19H 12N3, 
282.1026. IR (KBr disc) v = 2228 cm-1 (nitrile, C N stretch). Found: C, 74.60; H, 4.51; 
N, 13.060/0. C19HllN3.1 YzH20 requires: C, 74.01; H,4.58; N, 13.630/0. One spot by 
TLC(silica), Rf = 0.5 in dichloromethane. Characterisation data are consistent with that 
in the literature.458 
6.1.19 2,6-Di(2,4-difluorophenyl)pyridine 96 [F 4dppyH2] 
4' 
F 
A combination of 2,6-dibromopyridine (820 mg, 3.46 mmol), 
2,4-difluorophenylboronic acid (1.87 mg, 11.8 mmol) and potassium carbonate (3.23 g, 
23.4 mmol) in a mixture of 1,2-dimethoxyethane (16 ml) and water (400 ~l) was 
• An adaptation of the procedure used for the synthesis of2,6-diphenylpyridine was followed?86 
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degassed by three freeze-pump-thaw cycles. Addition of tetrakis(triphenyl-
phosphine)palladium(O) (274 mg, 0.24 mmol) was followed by stirring at room 
temperature under a nitrogen atmosphere for 30 minutes, before heating to 90°C 
overnight. The progress of the reaction was followed by TLC (alumina, hexanelether, 
50/50). After cooling to room temperature, the precipitated solid was removed by 
filtration and washed with 1,2-dimethoxyethane, followed by removal of solvent from 
the combined filtrates under reduced pressure. The residue was redissolved in dichloro-
methane (l00 ml) and washed with dilute NaHC03 solution (3 x 100 ml). The organic 
layer was dried over MgS04 and the solvent removed under reduced pressure, before 
purification by column chromatography (silica, hexaneldiethyl ether, gradient elution 
from 10010 to 98/2) to give the desired product as a white solid (929 mg, 88%), mp 
83.6-84.4°C. 
IH-NMR (CDCh, 500 MHz) 8 = 8.14 (2H, td, J = 8.8, 6.8, H6), 7.83 (IH, t, 
4' _ 3' _ 5 J = 7.8, H ), 7.74 (2H, dd, J -7.5, 1.9, H ), 7.03 (2H, td, J - 8.3, 2.1, H ), 6.93 (2H, 
ddd, J = 8.8, 6.3, 2.4, H3). 13CeH}-NMR (CDCh, 126 MHz) 8 = 163.2 (dd, J = 309.4, 
11.9, C2 or C4), 161.2 (dd, J = 311.9, 12.1, C2 or C4), 152.4 (d, J = 2.7, C2), 137.3 (s, 
C4), 132.4 (dd, J = 9.7, 4.5, C6), 123.7 (dd, J = 11.7, 3.7, C1), 122.9 (d, J = 10.2, C3), 
112.0 (dd, J = 21.1, 3.5, C5), 104.5 (dd, J = 26.8, 25.5, C3). 19F_NMR (CDCh, 
470MHz) 8=-109.5 (IF, m), -112.8 (IF, m). MS(EI) m/z=303 (M+). Found: 
C, 66.91; H, 3.01; N, 4.64%. C17H9F4N requires: C, 67.33; H, 2.99; N, 4.620/0. One spot 
by TLC(silica), Rf = 0.6 in hexaneldiethyl ether, 90/1 O. 
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"S/y ........ ON 
o I h-
4 
Hydrochloride salt of 2-(3-dimethylaminopropionyl)thiophene357 
A solution of 3-acetylthiophene (7.1 ml, 65.7 mmol), paraformaldehyde 
(4.40 g), dimethylamine hydrochloride (5.21 g, 63.9 mmol) and a few drops of conc-
entrated hydrochloric acid in ethanol (30 ml) was heated under reflux at 78°C under a 
nitrogen atmosphere overnight. After cooling to O°C, the precipitated solid was 
collected by filtration, washed with ice-cold ethanol, and dried under vacuum to give 
the desired product as a white solid (12.1 g, 84%), mp 182.3-184.8°C. 
IH-NMR (d6-DMSO, 400 MHz) 8 = 10.67 (1H, br s, NH), 8.07 (2H, t, J = 3.8, 
H3 & H5), 7.30 (1H, t, J = 4.5, H4), 3.57 (2H, t, J = 7.3, CH2), 3.38 (2H, t, J = 7.3, CH2), 
2.78 (6H, s, Me). 13CeH}-NMR (d6-DMSO, 101 MHz) 8 = 189.6 (C=O), 142.7 (cq), 
135.5 (CH), 134.0 (CH), 128.8 (CH), 51.5 (CH2), 42.2 (CH3), 33.4 (CH2). MS(ES+) 
mlz = 184 (M+). IR (KBr disc) v = 1651 cm -I (ketone, C=O stretch). Characterisation 
data are consistent with that in the literature.357 
2,6-Di(2-thienyl)pyridine 95 [dthpyH21357 
A solution of 1-(2-oxo-2-(2-thienyl)ethyl)pyridinium iodide (1.97 g, 5.95 mmol) 
and dry ammonium acetate (11.17 g, 145 mmol) in glacial acetic acid (12 ml) was 
heated to 100°C under a nitrogen atmosphere for 10 minutes, followed by addition of 
the hydrochloride salt of 2-(3-dimethylaminopropionyl)thiophene (1.30 g, 5.92 mmol) 
and heating to 105°C under a nitrogen atmosphere for 4 h. After cooling to room 
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temperature, a 1: 1 mixture of water and methanol (40 ml) was added, and the solution 
decanted from the resulting brown oil. Reduction in volume of the aqueous solution 
precipitated the desired product as a pale yellow solid that was collected by filtration 
and dried under vacuum. Additional yield was obtained by recrystallisation of the 
brown oil from methanol, to give the desired product as a pale yellow solid (499 mg, 
35%), mp 76.5-78.1 DC. 
IH-NMR (CDCb, 400 MHz) 8 = 7.67 (lH, dd, J = 8.3, 7.4, H4), 7.63 (2H, dd, 
3' 3 5' J = 3.7,1.1, H ),7.49 (2H, d, J = 7.8, H ),7.41 (2H, dd, J = 5.0, 1.1, H ),7.12 (2H, dd, 
J = 5.0, 3.7, H4). 13CeH}-NMR (CDCb, 101 MHz) 8 = 152.3 (cq), 145.0 (cq), 137.5 
(C4 or C5), 128.1 (C4 or C5), 127.9 (C4), 124.8 (C3), 116.8 (C3). MS(EI) mlz = 243 
(M+), 160 (M+ - C4H3S). Found: C,62.95; H,3.85; N,5.57%. C13H9NS2.V3H20 
requires: C, 62.62; H, 3.91; N, 5.62%. One spot by TLC(silica), Rf = 0.4 in hexane/ethyl 
acetate, 80/20. Characterisation data are consistent with that in the literature.357 





A solution of p-tolualdehyde (4.9 ml, 41.6 mmol) in ethanol (200 ml) was 
combined with a solution of sodium pyruvate (5.02 g, 45.6 mmol) in water (50 ml) and 
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stirred at room temperature for 15 minutes, resulting in a clear yellow solution. After 
cooling to O°C, KOH solution (1.4 mol dm -3, 100 ml) was added slowly ensuring that 
the temperature did not rise above 5°C, followed by stirring at room temperature for an 
additional 90 minutes. The solution was acidified with concentrated HC1, followed by 
concentration of the solution under reduced pressure. The resulting precipitate was 
isolated by filtration, washed with cold water, and purified by recrystallisation from 
water to give the desired product as a yellow solid (6.79 g, 86%). 
IH-NMR (d6-Acetone, 400 MHz) 8 = 7.84 (lH, d, J = 16.5, vinyl), 7.70 (2H, d, 
J = 8.0, Hb), 7.34 (lH, d, J = 16.5, vinyl), 7.31 (2H, d, J = 8.0, Ha), 2.39(3H, s, Me). 
13CeH}-NMR (d6-Acetone, 101 MHz) 8 = 185.2 (C=O), 164.0 (C02H), 148.8 (CH), 
143.2 (cq), 132.5 (cq), 130.7 (CH), 130.0 (CH), 120.6 (CH), 21.5 (CH3). MS(EI) 
mlz = 190 (M+), 145 (M+ - C02H), 117 (M+ - COC02H), 115 (M+ - COC02H, H2), 91 
(C7H/), 65 (CsHs+). IR (KBr disc) v = 1684 cm-I (ketone, c=o stretch), 1713 cm-I 
(C02H, C=O stretch), 2900 cm -I (br, C02H, O-H stretch). Characterisation data are 
consistent with that in the literature.46o 
4-p-Tolyl-6-phenylpicolinic acid 93 [tppicH2] 
A solution of 2-oxo-4-p-tolyl-but-3-enoic acid (1.52 g, 7.99 mmol), 1-(2-oxo-
2-phenylethyl)pyridinium iodide (3.58 g, 11.0 mmol) and ammonium acetate (5.55 g, 
72.0 mmol) in water (50 ml) was heated under reflux at 100°C for 5Yi h. The progress 
of the reaction was be followed by TLC (silica, dichloromethanelmethanol, 80/20). 
After cooling to room temperature, the resulting precipitate was collected by filtration, 
washed with acetone (3 x 20 ml), and dried under vacuum to give the desired product as 
a white solid (1.34 g, 58%), mp 155.6-159.0°C. 
IH-NMR (CDCh, 400 MHz) 8 = 8.41 (lH, s, H3 or HS), 8.16 (lH, s, H3 or HS), 
8.04 (2H, d, J = 7.4, H2), 7.67 (2H, d, J = 8.1, Ha or Hb), 7.48-7.58 (3H, m, H3' & H4), 
7.36 (2H, d, J = 7.8, Ha or Hb), 2.45 (3H, s, Me). IH-NMR (d6-DMSO, 400 MHz) 
8 = 8.29 (lH, d, J = 1.6, H3 or HS), 8.26 (2H, d, J = 7.3, H2), 8.16 (lH, d, J = 1.5, H3 or 
HS), 7.84 (2H, d, J = 8.1, Hb), 7.51 (2H, t, J = 7.6, H3), 7.46 (lH, t, J = 7.1, H4), 7.35 
(2H, d, J = 8.0, Ha), 2.37 (3H, s, Me). 13CeH}-NMR (d6-DMSO, 101 MHz) 8 = 167.5 
(C02H), 156.5 (cq), 152.7 (cq), 148.9 (cq), 139.2 (cq), 138.5 (C
q), 134.3 (Cq), 129.9 
(Ca), 129.3 (C4), 128.7 (C3), 127.2 (C3 or Cs), 127.0 (Cb), 119.9 (C3 or C5), 119.1 (C2), 
20.8 (CH3). MS(ES+) mlz = 290 ([M+Ht). MS(EI) mlz = 289 (M+), 245 (M+ - C02). 
HRMS(EI) mlz = 290.1175 ([M+Ht); calc. for CI9HI6N02, 290.1176. IR (KBr disc) v 
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= 1571 cm-I (C02H, C=O stretch), 3000 cm -I (br, C02H, O-H stretch). One spot by 
TLC(silica), Rf = 0.3 in dichloromethanelmethanol, 90/10. 






A solution of 4-hydroxybenzo[h]quinoline-2-carboxylic acid ethyl ester 
(503 mg, 1.88 mmol) in 5% NaOH solution (10 ml) was heated under reflux at 100°C 
for 5 h. After cooling to room temperature, the reaction mixture was treated with 
decolourising charcoal and filtered. Addition of HCI (1 mol dm-3) and isolation of the 
resulting precipitate by filtration, washing with water (2 x 10 ml), and drying under 
vacuum gave the desired product as a white solid (380 mg, 85%), mp >250°C. 
IH-NMR (d6-DMSO, 500 MHz) 8 = 9.31 (1H, dd, J = 5.9, 3.4, H7), 8.09 (1H, d, 
J = 9.0, H5), 8.05 (1H, dd, J = 6.0, 3.4, H IO), 7.96 (1H, d, J = 9.0, H6), 7.75-7.79 (2H, m, 
H8 & H9), 7.65 (1H, br s, H3). 13CeH}-NMR (d6-DMSO, 101 MHz) 8 = 166.3 (C02H), 
163.0 (cq), 147.1 (cq), 145.8 (cq), 133.7 (cq), 130.4 (Cq), 128.7 (C8 or C lO), 128.0 (C9), 
127.5 (C6), 127.2 (C8 or CIO), 124.8 (C7), 119.2 (C5), 119.1 (cq), 106.8 (C3). MS(EI) 
mlz = 239 (M+), 195 (M+ - CO2). IR (KBr disc) v = 1627 cm -I (C02H, C=O stretch), 
3342 cm-I (alcohol, O-H stretch), 3400 cm -I (br, C02H, O-H stretch). Found: C, 67.98; 
H, 3.80; N, 5.75%. C17H9F4N.'i'2H20 requires: C, 67.74; H, 4.06; N, 5.64%. 
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A solution of 2,6-diacetylpyridine (1.00 g, 6.13 mmol) and phenyl hydrazine 
(3.42 ml, 97% pure by mass, 34.76 mmol) in ethanol (20 ml), was heated under reflux at 
78°C for 30 minutes. After cooling to O°C, the resulting precipitate was collected by 
filtration and washed with cold ethanol (~5 ml). Recrystallisation from ethanol gave the 
desired product as a pale yellow solid (1.56 g, 74%). 
IH-NMR (CDCb, 400 MHz) 8 = 8.08 (2H, d, J = 7.8, H3), 7.67 (lH, t, J = 7.8, 
4 3' 2' H ), 7.54 (2H, br s, NH), 7.31 (4H, t, J = 7.6, H ),7.22 (4H, d, J = 7.9, H ),6.91 (2H, t, 
J = 7.3, H4), 2.45 (6H, s, Me). 13CeH}-NMR (CDCb, 101 MHz) 8 = 154.9 (cq), 144.9 
(cq), 142.6 (cq), 136.1 (CH), 129.5 (CH), 120.6 (CH), 118.5 (CH), 113.4 (CH), 9.8 
(Me). MS(ES+) mlz = 344 ([M+Ht), 366 ([M+Nat). Characterisation data are 
consistent with that in the literature.396 
2, 6-Di(2 '-indolyl)pyridine 97 [dinpyH2]396 
Polyphosphoric acid (~15 g) was added to 2,6-di(1-N-phenylethanehydrazon-
oyl)pyridine (1.56 g, 4.54 mmol) in a beaker, and heated to 120°C with stirring for 3 h. 
After cooling to room temperature, the reaction mixture was made basic with 10% 
NaOH solution. Extraction into dichloromethane (3 x 100 ml), washing with water 
177 
Chapter 6.1 - Experimental- Synthesis of ligands for iridium(III) complexes 
(3 x 100 ml), drying over Na2C03 and removal of solvent under reduced pressure gave 
the desired product as a brown solid (871 mg, 62%), mp 251.0-253.6°C. 
IH-NMR (CDCh, 500 MHz) 8 = 9.54 (2H, br s, NH), 7.76 (lH, t, J = 7.6, H4), 
3 4' 7' 7.67-7.71 (4H, m, H & H ),7.52 (2H, d, J = 8.2, H ),7.27 (2H, ddd, J = 8.0, 7.l, 1.0, 
6' _ 5' _ 3' 1 H ), 7.15 (2H, td, J -7.6, 0.7, H ), 7.08 (2H, d, J - 1.3, H). H-NMR (d6-Acetone, 
_ 3 4 _ 4' 300 MHz) 8 - 11.0 (2H, br s, NH), 7.90 (3H, s, H & H ), 7.64 (2H, d, J - 8.0, H ), 
7' 3' 6' 7.48 (2H, d, J = 8.2, H ),7.23 (2H, d, J = 1.5, H ),7.19 (2H, ddd, J = 8.l, 7.1, 1.1, H ), 
7.06 (2H, ddd, J = 8.0, 7.0, 0.7, H5').13CeH}-NMR (CDCh, 101 MHz) 8 = 149.9 (cq), 
137.4 (C4), 136.6 (cq), 136.5 (cq), 129.3 (cq), 123.5 (C6,), 121.4 (C3 or C4), 120.5 (C5), 
118.4 (C3 or C4), 111.5 (C7'), 101.4 (C3'). MS(EI) mlz = 309 (~). Found: C,79.83; 
H, 4.92; N, 13.280/0. C21H15N3.YzH20 requires: C, 79.22; H, 5.07; N, 13.200/0. One spot 
by TLC(silica), Rf = 0.3 in hexanelethyl acetate, 80/20. Characterisation data are 
consistent with that in the literature.396 
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6.2 Synthesis of iridium(llI) complexes 
6.2.1 Bis(J.!-chloro)bis(1 ,3-di(pyrid-2-yl)-benzene-N,d',N iridium chloride) 
[Ir( d pyb )CI(IJ-CI)h 
4' 
A suspension of 1,3-di(pyridin-2-yl)benzene (dpybH) (201 mg, 0.87 mmol) and 
iridium trichloride trihydrate (299 mg, 0.85 mmol) in a mixture of 2-ethoxyethanol 
(15 ml) and water (5 ml) was heated under reflux at 130°C for 2~ h. After cooling to 
room temperature, the precipitated solid was collected by centrifuge, washed with 
ethanol (2 x 20 ml), and dried under vacuum to give the desired product as an orange 
solid (342 mg). 
This mixture of intermediate compounds has low solubility in all common 
solvents, and was used without further purification or characterisation. For further 
discussion of the nature of this intermediate, see Section 3.2. 
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6.2.2 Bis(J..L-chloro)bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N 
iridium chloride) 104 [lr(dpydmb)CI(J,I-CI)b 
4' 
A suspension of 1,5-di(pyrid-2-yl)-2,4-dimethylbenzene (dpydmbH) (435 mg, 
1.67 mmol) and iridium trichloride monohydrate (527 mg, 1.66 mmol) in a mixture of 
2-ethoxyethanol (28 ml) and water (12 ml) was heated to 80°C for 6 h. After cooling to 
room temperature, the precipitate was collected by centrifuge, washed with ethanol 
(3 x 10 ml), and dried under vacuum to give the desired product as a yellow solid 
(348 mg). Further product was obtained by repeating this procedure with the remaining 
solution a further two times (total yield 588 mg, 700/0), mp > 250°C. 
MS(MALDI, DCTB matrix) mlz = 1259 ([M-CI+DCTBt), 1044 (M+) , 737 
([Ir(dpydmb)Cb.CI+DCTBt), 522 ([Ir(dpydmb)Cbt). 
Although the chloride bridged dimer is poorly soluble in all common solvents, 
heating the solid in d6-DMSO results in a solution of the monomeric, d6-DMSO 
solvated, Ir( dpydmb )(d6-DMSO)Cb. 
IH-NMR (d6-DMSO, 400 MHz) 8 = 9.21 (2H, dd, J = 5.6, 1.2, H6), 8.18 (2H, d, 
J = 8.4, H3), 8.06 (2H, td, J = 8.0, 2.0, H4), 7.54 (2H, ddd, J = 6.8, 5.6, 1.4), 6.98 (lH, s, 
H4), 2.76 (6H, s, Me). See Section 3.2 and Appendix A for crystal structure. 
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6.2.3 Irid ium( 1 ,3-d i(pyrid-2-yl)-benzene-N,C2', N)(4' -(p-tolyl)-2,2':6 ',2" -ter-
pyridine)2+ 100 [lr(dpyb)(ttpy)]2+ 
+ 
A suspenSIOn of bis(f..1-chloro )bis(1 ,3-di(pyrid-2-yl)-benzene-N,C2',N iridium 
chloride) ([Ir(dpyb)CI(f..1-CI)h) (320 mg) and 4'-(p-tolyl)-2,2':6',2"-terpyridine (ttpy) 
(160 mg, 0.49 mmol) in ethylene glycol (15 ml) was heated to 196°C under a nitrogen 
atmosphere for 1 h. After cooling to room temperature, the reaction mixture was added 
to water (20 ml) and filtered. Saturated KPF 6 solution was added, and the resulting red 
precipitate collected by centrifugation, washed with water (3 x 20 ml) and dried under 
vacuum. Purification by column chromatography (alumina, acetonitrile) followed by a 
second column (silica, acetonitrile/water/saturated KN03 solution, gradient elution from 
100/0/0 to 93.8/6.0/0.2) gave the desired product as a red solid (8 mg, 10/0). 
I 3' H-NMR (d6-Acetone, 500 MHz) 8 = 9.43 (2H, s, H ttpy), 9.03 (2H, d, J = 8.2, 
3 _ 3 _ 3' H ttpy) , 8.42 (2H, d, J - 8.1, H dpyb), 8.33 (2H, d, J - 7.9, H dpyb), 8.23 (2H, d, 
J = 8.2, Hb ttpy), 8.20 (2H, td, J = 8.0, 1.3, H4 ttpy), 7.98 (2H, td, J = 7.9, 1.3, H4 dpyb), 
6 4' 7.84 (2H, d, J = 5.8, H dpyb), 7.73 (1H, t, J = 7.9, H dpyb), 7.57 (2H, dd, J = 5.8, 1.2, 
H6 ttpy), 7.54 (2H, d, J = 8.0, Ha ttpy), 7.45 (2H, ddd, J = 7.8,5.7, 1.2, H5 ttpy), 7.13 
(2H, ddd, J = 7.3, 5.9, 1.2, H5 dpyb), 2.48 (3H, s, Me ttpy). MS(ES+) mlz = 373.5 (M2+), 
892 (M(PF 6t). 
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6.2.4 Iridium( 1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N, C6',N)(2,2':6 ',2" -ter-
pyridine)2+ 105 [lr(dpydmb)(terpy)]2+ 
4' 
A suspension of bis(J.l-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)CI(~-CI)h) (41 mg, 0.039 mmol) and 2,2':6',2"-
terpyridine (terpy) (22 mg, 0.094 mmol) in ethylene glycol (5 ml) was heated to 196°C 
under a nitrogen atmosphere for 1 h. After cooling to room temperature, the reaction 
mixture was added to water (10 ml) and filtered. Saturated KPF6 solution (20 ml) was 
added, and the resulting yellow precipitate collected by centrifugation, washed with 
water (3 x 10 ml) and dried under vacuum. Purification by column chromatography 
(silica, acetonitrile/water/saturated KN03 solution, gradient elution from 100/0/0 to 
93.0/6.8/0.2) gave the desired product as a yellow solid (44 mg, 58%), mp > 250°C. 
IH-NMR (d6-Acetone, 500 MHz) 8 = 9.17 (2H, d, J = 8.3, H3' terpy), 8.83-8.88 
4' 3 _ 3 _ (3H, m, H terpy & H terpy), 8.46 (2H, d, J - 8.5, H dpydmb), 8.22 (2H, td, J - 8.0, 
1.4, H4 terpy), 7.98 (2H, ddd, J = 8.2,7.6, 1.6, H4 dpydmb), 7.78 (2H, dd, J = 5.8,0.9, 
H6 dpydmb), 7.70 (2H, dd, J = 5.8, 0.8, H6 terpy), 7.50 (2H, ddd, J = 7.6, 5.7, 1.2, H5 
4' 5 terpy), 7.43 (lH, s, H dpydmb), 7.11 (2H, ddd, J = 7.3,5.8,1.1, H dpydmb), 3.02 (6H, 
s, Me). 13CeH}-NMR (d6-Acetone, 126 MHz) 8 = 178.3 (cq), 170.7 (cq), 160.4 (cq), 
156.2 (C6 terpy) , 154.5 (Cq), 152.8 (C6 dpydmb), 142.7 (C4' terpy), 142.1 (C4 terpy), 
141.4 (C4 dpydmb), 140.6 (cq), 138.0 (Cq), 133.9 (C4' dpydmb), 130.1 (Cs terpy), 127.6 
(C3 terpy), 126.6 (C3' terpy), 125.5 (C3 dpydmb), 124.6 (Cs dpydmb), 22.6 (CH3). 
MS(ES+) mlz = 342.5 (M2+), 830 (M(PF6t). HRMS(ES+) mlz = 830.1460 (M(PF6t); 
calc. for I 93rrC33H26F6NsP, 830.1459. One spot by TLC(silica), Rf=O.4 in 
acetonitrile/water/saturated KN03 solution, 90/911. Amax/nm (Acetonitrile) = 244 
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(£/dm3 mol-1 cm-l 33 700),261 (38500),270 (35 300),282 (32 800), 298 (26000),311 
(25 400), 335 (13 100), 377 (10 100), 435 (700), 465 (500). 
S.2.5 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6 ',N)(4'-(p-toIyl)-
2,2':S',2"-terpyridine)2+ 1 OS [lr(dpydmb)(ttpy)]2+ 
+ 
A suspensIon of bis(J.!-chloro )bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)Cl(Jl-Cl)h) (24 mg, 0.023 mmol) and 4'-(p-
tolyl)-2,2':6',2"-terpyridine (ttpy) (15 mg, 0.046 mmol) in ethylene glycol (3 ml) was 
heated to 196°C under a nitrogen atmosphere for 45 minutes. After cooling to room 
temperature, the reaction mixture was added to water (5 ml) and filtered. Saturated 
KPF 6 solution was added, and the resulting orange precipitate collected by centrifug-
ation, washed with water (3 x 5 ml) and dried under vacuum, to give the desired product 
as an orange solid (43 mg, 87%), mp > 250°C. * 
1 3' H-NMR (d6-Acetone, 400 MHz) 8 = 9.49 (2H, s, H ttpy), 9.07 (2H, d, J = 8.0, 
H3 ttpy), 8.47 (2H, d, J = 8.4, H3 dpydmb), 8.23 (2H, d, J = 8.1, Hb ttpy), 8.23 (2H, td, 
J = 8.1,1.4, H4 ttpy), 7.99 (2H, ddd, J = 8.7, 7.4,1.6, H4 dpydmb), 7.89 (2H, dd, J = 5.8, 
1.3, H6 dpydmb), 7.71 (2H, dd, J = 5.5, 1.3, H6 ttpy), 7.59 (2H, d, J = 7.8, Ha ttpy), 7.50 
(2H, dd, J = 7.8, 5.9, H5 ttpy), 7.43 (1H, S, H4' dpydmb), 7.11 (2H, ddd, J = 7.8, 5.9, 1.2, 
H5 dpydmb), 3.02 (6H, s, Me dpydmb), 2.53 (3H, s, Me ttpy). I3C{IH}-NMR (d6-
Acetone, 101 MHz) 8 = 178.7 (cq), 170.8 (cq), 160.7 (cq), 156.2 (CH), 154.7 (cq), 
154.6 (cq), 152.7 (CH), 142.7 (cq), 142.0 (CH), 141.4 (CH), 140.6 (cq), 138.1 (cq), 
• Purification by column chromatography (alumina, MeCN/H20/saturated KN03 solution, gradient 
elution from 1001010 to 90.0/9.5/0.5) was required to remove small traces of impurity before 
photophysical studies were performed. 
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134.1 (CH), 133.9 (q), 131.1 (CH), 130.1 (CH), 129.0 (CH), 127.7 (CH), 125.6 (CH), 
124.6 (CH), 123.7 (CH), 22.7 (CH3 dpydmb), 21.4 (CH3 ttpy). MS(ES+) mlz = 388 
(M2+), 921 (M(PF 6t). HRMS(ES+) mlz = 920.l922 (M(PF 6t); calc. for 
1 93 IrC4oH32F6NsP , 920.1923. Amax/nm (Acetonitrile) = 264 (tldm3 mol-1 cm-1 52900), 
283 (45 100),301 (39900),316 (36700),361 (20300),377 (21 600),435 (l 500),463 
(l 000). One spot by TLC(silica), Rf= 0.4 in dichloromethanelmethanol, 90/10. See 
Section 3.2 and Appendix A for crystal structure. 
6.2.6 I rid iu m( 1 ,5-d i(pyrid-2-yl)-2,4-d imethyl benzene-N, C6',N)( 5-(2,2':6 ',2"-
terpyridin-4'-yl)-isophthalic acid diethyl ester)2+ 107 
[lr(dpydmb)(tpyiade)]2+ 
+ 
A suspensIOn of bis(ll-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)Cl(Il-Cl)h) (36 mg) and 5-(2,2':6',2"-terpyridin-
4' -yl)-isophthalic acid diethyl ester (tpyiade) (31 mg, 0.068 mmol) in ethylene glycol 
(5 ml) was heated to 196°C under a nitrogen atmosphere for 30 minutes. After cooling 
to room temperature the reaction mixture was added to water (10 ml). Saturated KPF6 
solution was added, and the resulting brown precipitate collected by centrifugation, 
washed with water (3 x 5 ml) and dried under vacuum.Purification by column chromat-
ography (alumina, acetonitrile) followed by a second column (alumina), washed with 
diethyl ether, then the product collected with acetonitrile gave the desired product as a 
red solid (14 mg, 35%), mp > 250°C. 
1 3' H-NMR (d6-Acetone, 500 MHz) 8 = 9.64 (2H, s, H tpyiade), 9.08 (2H, d, 
J = 8.4, H3 tpyiade), 8.95 (2H, d, J = 1.5, Hb tpyiade), 8.84 (lH, t, J = 1.4, Ha tpyiade). 
8.48 (2H, d, J = 8.8, H3 dpydmb), 8.25 (2H, td, J = 7.9, 1.4, H4 tpyiade), 8.00 (2H, ddd. 
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J = 8.1, 7.8, 1.4, H4 dpydmb), 7.92 (2H, d, J = 5.9, H6 dpydmb), 7.75 (2H, d, J = 5.4, H5 
tpyiade) 7.53 (2H, ddd, J = 7.4, 5.8, 1.0, H6 tpyiade), 7.45 (lH, S, H4' dpydmb), 7.11 
(2H, ddd, J = 7.3,5.9,1.0, H5 dpydmb), 4.53 (4H, q, J = 7.1, C02CfuCH3 tpyiade), 3.03 
(6H, s, Me dpydmb), 1.47 (6H, t, J = 7.1, C02CH2CH3 tpyiade). 13CCH}-NMR (d6-
Acetone, 126 MHz) 8 = 178.5 (cq), 170.8 (cq), 165.6 (cq), 160.5 (cq), 156.3 (CH), 
154.9 (cq), 153.3 (cq), 152.8 (CH), 142.0 (CH), 141.4 (CH), 140.7 (cq), 139.0 (cq), 
138.1 (cq), 134.0 (CH), 134.0 (CH), 133.4 (cq), 132.3 (CH), 130.3 (CH), 127.9 (CH), 
125.6 (CH), 125.3 (CH), 124.6 (CH), 62.6 (C02CH2CH3 tpyiade), 22.7 (CH3 dpydmb), 
14.6 (C02CH2CH3 tpyiade). MS(ES+) mlz = 452.5 (M2l, 1050 (M(PF6t). IR (KBr 
disc) v = 1718 cm-l (C02Et, C=O stretch), 1605 cm-l (C02Et, C=O stretch). 
6.2.7 Iridium bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',Nt 125 
[Ir(dpydmbhf 
A suspensIOn of bis(Jl-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)CI(Jl-Cl)h) (40 mg, 0.038 mmol), 1,5-di(pyrid-
2-yl)-2,4-dimethylbenzene (dpydmbH) (21 mg, 0.081 mmol) and potassium carbonate 
(55 mg, 0.40 mmol) in ethylene glycol (2 ml) was heated to 196°C under a nitrogen 
atmosphere for 24 h. After cooling to room temperature the reaction mixture was added 
to water (8 ml), and any precipitated solid removed by centrifuge and washed with 
water (3 x 10 ml). The combined solutions were added to saturated KPF6 solution, and 
the resulting yellow precipitate collected by centrifugation, washed with water 
(3 x 10 ml) and dried under vacuum. Purification by column chromatography (silica, di-
chloromethane/methanol, gradient elution from 100/0 to 98/2) gave the desired product 
as a yellow solid (3 mg, 110/0). 
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IH-NMR (CDCh, 400 MHz) 8 = 8.13 (4H, d, J = 8.4, H3), 7.66 (4H, ddd, 
J=8.5, 7.6,1.8, H4), 7.31 (4H, dd, J=5.7, 1.6, H6), 7.17 (2H, S, H4), 6.74 (4H, ddd, 
J = 7.4,5.7, 1.4, H5), 2.96 (12H, s, Me). MS(ES+) mlz = 711 (M+). 
6.2.8 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6 ',N)(2-




Bis(J.l-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N iridium 
chloride) ([Ir(dpydmb)CI(J.!-CI)h) (35 mg, 0.033 mmol) and silver(I) trifluoromethane-
sulfonate (44 mg, 0.17 mmol) in 2-phenylpyridine (ppyH) (250 J.!l, 1.75 mmol) were 
heated to 110°C under a nitrogen atmosphere for 24 h. After cooling to room 
temperature, dichloromethane (25 ml) was added and the remaining solid removed by 
filtration. Washing of the filtrate with HCI (1 mol dm-3, 3 x 25 ml), drying over 
MgS04, and removal of solvent under reduced pressure gave a yellow residue. This was 
purified by column chromatography (silica, dichloromethane/methanol, gradient elution 
from 10010 to 99.75/0.25) to give the desired product as a yellow solid (25 mg, 59%), 
mp> 250°C. 
IH-NMR (CDCh, 500 MHz) 8 = 10.12 (1H, d, J = 5.3, H6 ppy), 8.07 (1H, d, 
J = 8.0, H3 ppy), 8.00 (2H, d, J = 8.4, H3 dpydmb), 7.96 (1H, td, J = 8.0, 1.4, H4 ppy), 
_ 6 _ 6' 4 7.65 (2H, d, J - 5.6, H dpydmb), 7.59 (1H, d, J -7.7, H ppy), 7.51-7.55 (3H, m, H 
5 4' _ 5 dpydmb & H ppy), 6.88 (1H, s, H dpydmb), 6.75 (2H, ddd, J - 7.2, 5.9, 1.0, H 
_ 5' _ 4' dpydmb), 6.71 (1H, td, J - 7.4, 1.2, H ppy), 6.54 (1H, td, J - 7.5, 1.0, H ppy), 6.00 
(1H, d, J = 7.7, H3' ppy), 2.83 (6H, s, Me). MS(ES+) mlz = 606 ([M - CIt), 638 ([M-
CI + MeOHt). Amax/nm (Acetonitrile) = 239 (E/dm3 mol-1 cm -1 44 700), 258 (39700), 
285 (37 000), 353 (6 200), 369 (7 800), 399 (10 000), 417 (11 300), 455 (3 600), 492 
(l 300). 
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6.2.9 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6 ',N)(2,6-
diphenylpyridine-d',N,d) 108 [Ir(dpydmb)(dppy)] 
4' 
4' 
Bis(~-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N iridium 
chloride) ([Ir( dpydmb )CI(~-CI)h) (31 mg, 0.030 mmol), 2,6-diphenylpyridine (dppyH2) 
(416 mg, 1.80 mmol) and silver(I) trifluoromethanesulfonate (34 mg, 0.13 mmol) were 
ground together in an agar mortar. The resulting fine powder was heated to 110°C and 
stirred under a nitrogen atmosphere for 24 h. After cooling to room temperature, the 
product was extracted into ethanol (30 ml) and the remaining solid removed by 
filtration. Removal of solvent from the filtrate under reduced pressure gave a pale 
yellow residue. This was purified by column chromatography (silica, dichloro-
methane/methanol, gradient elution from 100/0 to 98/2) followed by a second column 
(alumina, dichloromethane) to give the desired product as an orange solid (15 mg, 
37%), mp > 250°C. 
IH-NMR (CDCh, 400 MHz) 8 = 8.04 (2H, d, J = 8.4, H3 dpydmb), 7.81 (3H, s, 
3' 4' _ 6 _ 6 H dppy & H dppy), 7.67 (2H, d, J - 7.7, H dppy), 7.62 (2H, d, J - 5.9, H dpydmb), 
4 4' 7.38 (2H, td, J = 7.9, 1.8, H dpydmb), 6.97 (lH, s, H dpydmb), 6.79 (2H, td, J = 7.2, 
1.5, H5 dppy) , 6.55 (2H, td, J = 7.2, 1.2, H4 dppy) , 6.52 (2H, td, J = 6.5, 1.2, H5 
dpydmb), 6.18 (2H, d, J = 7.3, H3 dppy), 2.95 (6H, s, Me dpydmb). IH-NMR (CD2Ch, 
400 MHz) 8 = 8.12 (2H, d, J = 8.5, H3 dpydmb), 7.85 (3H, s, H3' dppy & H4' dppy), 7.69 
(2H, d, J = 7.8, H6 dppy), 7.66 (2H, d, J = 5.8, H6 dpydmb), 7.49 (2H, t, J = 8.0, H4 
dpydmb), 7.02 (lH, s, H4' dpydmb), 6.79 (2H, t, J = 7.4, H5 dppy), 6.61 (2H, t, J = 6.6, 
H5 dpydmb), 6.52 (2H, t, J = 7.1, H4 dppy), 6.08 (2H, d, J = 7.3, H3 dppy), 2.97 (6H, s, 
Me dpydmb). MS(EI) mlz = 681 (M+), 340.5 (M2+). HRMS(EI) mlz = 679.1720 (M+); 
calc. for 191IrC35H26N3, 679.1727. Amax/run (Acetonitrile) = 244 (E/dm3 mol-I cm-I 
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53 900), 269 (46900),349 (7700),378 (6900), 406 (6 500), 458 (5 500), 481 (6 800), 
510 (7 300). 
Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(2,6-diphenylpyridine-
2' + C ,N) [Ir(dpydmb)(dppyH)] was often also obtained from column chromatography of 
the crude product mixture (silica, dichloromethane/methanol, gradient elution from 
10010 to 97.5/2.5). 
4' cr 
4' 
IH-NMR (CDCb, 400 MHz) 8=8.21 (lH, d, J=8.2, H3' dppy or H5' dppy), 8.10 
4' _ 3 _ 6 (lH, t, J=7.8, H dppy) , 7.99 (2H, d, J-8.3, H dpydmb), 7.81 (2H, d, J-5.7, H 
6 4 _ 2" dpydmb), 7.64-7.69 (3H, m, H dppy & H dpydmb), 7.59 (2H, d, J-7.6, H dppy), 
7.47-7.52 (3H, m, H3" dppy & H3' dppy or H5' dppy), 7.41 (lH, t, J=7.3, H4" dppy), 6.98 
5 4' 5 (2H, t, J=6.6, H dpydmb), 6.89 (lH, s, H dpydmb), 6.78 (lH, t, J=7.6, H dppy),6.57 
(lH, t, J=7.3, H4 dppy), 6.05 (lH, d, J=7.8, H3 dppy), 2.76 (6H, s, Me). MS(ES+) 
m/z=682 (M+). 
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6.2.10 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(2,6-





Bis(J.!-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N iridium 
chloride) ([Ir( dpydmb )CI(Jl-CI)h) (41 mg, 0.039 mmol), 2,6-di(2,4-difluoro-
phenyl)pyridine (F4dppyH2) (227 mg, 0.75 mmol) and silver(I) trifluoromethane-
sulfonate (40 mg, 0.16 mmol) were ground together in an agar mortar. The resulting 
fine powder was heated to 110°C and stirred under a nitrogen atmosphere for 24 h. 
After cooling to room temperature, the product was extracted into dichloromethane 
(30 ml), and the remaining solid removed by filtration. Removal of solvent under 
reduced pressure gave a brown residue. This was purified by column chromatography 
(silica, hexane/diethyl ether, gradient elution from 10010 to 95/5)* followed by a second 
column (silica, hexane/diethyl ether, gradient elution from 10010 to 9812) to give the 
desired product as a yellow solid (12 mg, 21 %), mp > 250°C. 
1 3' H-NMR (CDCb, 500 MHz) 8 = 8.16 (2H, d, 1 = 8.2, H F 4dppy), 8.07 (2H, d, 
_ 3 _ 4' _ 6 1-8.3, H dpydmb), 7.85 (1H, t, 1-8.1, H F4dpPY), 7.57 (2H, dd, 1-5.7,1.1, H 
4 4' dpydmb), 7.49 (2H, ddd, 1 = 7.5, 6.0, 1.5, H dpydmb), 6.97 (lH, s, H dpydmb), 6.63 
(2H, ddd, 1 = 5.8, 4.9, 1.0, H5 dpydmb), 6.20 (2H, ddd, 1 = 12.8, 9.1, 2.4, H3 F4dppy), 
5.65 (2H, dd, 1 = 7.2, 2.4, H5 F4dpPY), 2.94 (6H, s, Me dpydmb). 13CeH}-NMR 
(CDCb, 126 MHz) 8 = 191.2 (cq), 176.1 (cq), 168.6 (cq), 163.1 (dd, 1 = 259.9, 10.3, 
CF), 162.2 (dd, 1 = 260.8, 10.3, CF), 161.2 (d, J = 7.21, cq), 149.8 (CH), 138.4 (CH), 
137.0 (cq), 134.8 (cq), 133.8 (CH6 dpydmb), 131.0 (cq), 127.2 (CH4' dpydmb), 122.6 
(CH3 dpydmb), 120.5 (CH), 118.0 (dd, J= 13.5, 2.6, CH5 F4dppy), 117.6 (d, 1= 18.8, 
CH3' F4dppy), 97.6 (t, J = 26.2, CH3 F4dppy), 23.0 (CH3). 19F-NMR (CDCb, 282 MHz) 
• Note that unreacted ligand may be recovered, eluting at lower polarity (hexane/diethyl ether, 98/2). 
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8=-110.77 (2F, q, J=8.8), -111.02 (2F, dd, J=13.4, 9.0). MS(ES+) mlz=754 
([M+Ht). HRMS(ES+) mlz = 754.1440 ([M+Ht); calc. for 1931rC35H23F4N3, 754.1452. 
One spot by TLC(silica), Rf = 0.2 In hexane/diethyl ether, 90/10. 
Amaxfnm (Acetonitrile) = 240 (£Idm3 mol-1 cm-1 12300), 265 (12000),290 (6200),304 
(5 300), 334 (2 100), 360 (1 500), 385 (1 400), 447 (1 400), 464 (1 600), 487 (l 300). 
6.2.11 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(4-p-toly1_ 
6-phenylpicolinic acid-C2 ',N,O) 116 [Ir(dpydmb)(tppic)] 
4' 
+ 
Bis(J.l-chloro )bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N iridium 
chloride) ([Ir( dpydmb )CI(J.l-CI)h) (373 mg, 0.36 mmol), 4-p-tolyl-6-phenylpicolinic 
acid (tppicH2) (1.03 g, 3.55 mmol), silver(I) trifluoromethanesulfonate (552 mg, 
2.15 mmol) and benzoic acid (3.49 g, 28.6 mmol) were ground together in an agar 
mortar. The resulting fine powder was heated to 150°C and stirred under a nitrogen 
atmosphere for 24 h. After cooling to room temperature, the product was dissolved in 
dichloromethane (50 ml) and washed with sodium hydrogen carbonate solution 
(1 mol dm -3, 3 x 50 ml). Drying over Na2C03 was followed by removal of solvent 
under reduced pressure. The brown residue was purified by column chromatography 
(silica, dichloromethane/methanol, gradient elution from 10010 to 9713) to give the 
desired product as an orange solid (286 mg, 54%), mp > 250°C. 
IH-NMR (CDCb, 500 MHz) 8 = 8.48 (1H, d, J = 1.3, H3 phtpyca), 8.31 (lH, d, 
J = 1.4, H5 phtpyca), 8.04 (2H, d, J = 8.1, H6 dpydmb), 7.86 (2H, d, J = 8.1, Hb 
phtpyca), 7.70 (1H, dd, J=7.9, 1.3, H6' phtpyca), 7.59 (2H, ddd, J=8.1, 7.7,1.5, H5 
4' dpydmb), 7.41-7.44 (4H, m, Ha phtpyca & H3 dpydmb), 6.94 (1H, s, H dpydmb),6.79 
(2H, ddd, J = 7.1,6.0, 1.0, H4 dpydmb), 6.78 (1H, ddd, J = 8.7,7.7, 1.3, H5' phtpyca), 
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6.57 (1H, td, J = 7.5, 1.2, H4' phtpyca), 5.82 (1H, dd, J = 7.8, 1.0, H3' phtpyca), 2.86 
(6H, s, Me dpydmb), 2.51 (3H, s, Me phtpyca). MS(ES+) mlz = 740 ([M+Ht). MS(EI) 
mlz = 739 (M+), 695 (M+ - CO2), 347.5 (M2+ - CO2). HRMS(ES+) mlz = 740.1881 
([M+Ht); calc. for 193IrC37H2902N3, 740.1884. One spot by TLC(silica), Rf = 0.5 in 
dichloromethane/methanol, 90110. Amax/nm (Acetonitrile) = 242 (E/dm3 mol-I cm-I 
32 800), 273 (35 700), 290 (30400), 337 (13 500), 393 (6 900), 429 (6 700), 459 
(4 300), 489 (1 700). 
6.2.12 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(4-hydroxy_ 
benzo[h]quinoline-2-carboxylic acid-C10,N,O 117 






Bis(J-l-chloro )bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N iridium 
chloride) ([Ir( dpydmb )CI(J-l-CI)h) (40 mg, 0.038 mmol), 4-hydroxybenzo[h ]quinoline-
2-carboxylic acid (hbqcH2) (87 mg, 0.36 mmol), silver(I) trifluoromethanesulfonate 
(59 mg, 0.23 mmol) and benzoic acid (314 mg, 2.57 mmol) were ground together in an 
agar mortar. The resulting fine powder was heated to 110°C and stirred under a nitrogen 
atmosphere for 24 h. After cooling to room temperature, the solid was extracted into 
acetonitrile and filtered through Celite®, followed by removal of solvent under reduced 
pressure. The residue was dissolved in the minimum amount of acetonitrile and added 
to water (50 ml). The resulting yellow precipitate was collected by centrifugation, 
washed with water (3 x 10 ml) and dried under vacuum. The solid may be solubilised in 
dichloromethane with the addition of a couple of drops of trifluoroacetic acid, and was 
purified by column chromatography (silica, dichloromethane/methanol, gradient elution 
from 10010 to 97.5/2.5) to give the desired product as an yellow solid (30 mg, 58%), mp 
> 250°C. 
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lH-NMR (CDCh, 500 MHz) 8 = 8.12 (1H, d, J = 9.0, H5 hbqc), 8.12 (1H, S, H3 
hbqc), 8.06 (2H, d, J = 8.4, H3 dpydmb), 7.83 (1H, d, J = 9.0, H6 hbqc), 7.63 (2H, td, 
J = 7.9, 1.7, H4 dpydmb), 7.28 (2H, d, J = 5.8, H6 dpydmb), 7.25 (1H, d, J = 7.4, H7 
hbqc), 7.00 (1H, br s, H4' dpydmb), 6.90 (1H, t, J = 7.6, H8 hbqc), 6.78 (2H, ddd, 
J = 7.0, 5.8, 1.0, H5 dpydmb), 5.86 (lH, d, J = 7.5, H9 hbqc), 2.87 (6H, s, Me dpydmb). 
\3C{IH}-NMR (CDCh, 126 MHz) 8 = 183.8, 175.3, 171.0, 163.3, 151.5, 151.0, 144.5, 
140.8,138.1 (C4 dpydmb), 138.1, 137.8, 134.8, 133.3, 130.7 (C6 hbqc), 130.4, 129.4 (C8 
hbqc), 123.0 (C3 dpydmb), 122.2 (C5 dpydmb), 120.9, 120.2, 119.5, 118.9, 108.1 (C5 
hbqc or C3 hbqc), 22.6 (CH3 dpydmb). MS(ES+) mlz = 690 ([M+Ht). HRMS(ES+) 
mlz=690.1364 ([M+Ht); calc. for 193IrC32H2303N3, 690.1363. One spot by 
TLC(silica), Rf = 0.3 in dichloromethane/methanol, 90/1 O. Amax/nm (Acetonitrile) = 245 
(e/dm3 mor l cm-l 34500),290 (16600), 315 (10400), 341 (6500), 363 (5900), 393 
(4 900), 428 (4 600), 459 (2 800), 492 (1 100). 
6.2.13 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(2,6-di(2'-






---.. , 5' 
4' 
4 
A suspensIOn of bis(J.l-chloro )bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)CI(J.!-CI)h) (39 mg, 0.037 mmol), 2,6-di(2'-
indolyl)pyridine (dinpyH2) (23 mg, 0.074 mmol) and potassium carbonate (50 mg, 
0.36 mmol) in ethylene glycol (2 ml) was heated to 200°C under a nitrogen atmosphere 
for 24 h. After cooling to room temperature the reaction mixture was added to water 
(8 ml), and any precipitated solid removed by centrifugation and washed with water 
(3 x 10 mI). The solid was extracted into dichloromethane, dried over MgS04 and 
filtered through Celite®. Removal of solvent under reduced pressure followed by 
purification by column chromatography (silica, dichloromethane) gave the desired 
product as a brown solid (2 mg, 4%). 
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1 
H-NMR (CDCh, 400 MHz) 8 = 8.38 (2H, d, J = 7.8, H3 dinpy) , 8.32 (lH, t, 
J = 8.0, H4 dinpy), 7.87 (2H, d, J = 8.4, H3 dpydmb), 7.71 (2H, ddd, J = 8.3, 7.7, 1.7, H4 
dpydmb), 7.50 (2H, d, J = 5.8, H6 dpydmb), 7.09 (2H, ddd, J = 7.3, 5.8, 1.1, H5 
dpydmb), 6.93 (2H, t, J = 7.3, HT dinpy), 6.70 (2H, t, J = 7.6, W' dinpy), 6.61 (2H, t, 
J = 7.8, H5' dinpy), 6.50 (lH, S, H4' dpydmb), 5.36 (2H, d, J = 7.9, H4' dinpy), 2.55 (6H, 
S, CH3). 
6.2.14 Iridium(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-N,C6',N)(2,6-di(2'-









A suspensIOn of bis(fJ.-chloro )bis(l ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)CI(fJ.-CI)h) (41 mg, 0.039 mmol), 2,6-di(2'-
indolyl)pyridine (dinpyH2) (36 mg, 0.12 mmol) and silver(l) trifluoromethanesulfonate 
(78 mg, 0.30 mmol) in glacial acetic acid (2 ml) was heated to 110°C under a nitrogen 
atmosphere overnight. After cooling to room temperature, water (20 ml) was added and 
the mixture extracted into dichloromethane (3 x 20 m!), dried over MgS04 and filtered. 
Removal of solvent under reduced pressure followed by purification by column 
chromatography (silica, hexane/ethyl acetate, 75/25) gave the desired product as a 
brown solid (5 mg, 8%). 
IH-NMR (CDCh, 400 MHz) 8 = 7.94-7.98 (3H, m, H3 dpydmb & H4 dinpy), 
3 4 6 4' 7.82 (2H, d, J = 7.9, H dinpy), 7.32-7.40 (6H, m, H dpydmb, H dpydmb & H dinpy), 
7.23 (lH, s, H4' dpydmb), 6.97 (2H, s, H3' dinpy), 6.64 (2H, ddd, J = 7.9, 6.7, 0.7, H5' 
dinpy), 6.61 (2H, ddd, J = 7.3,5.9,1.0, H5 dpydmb), 6.48 (2H, ddd, J = 8.3, 6,8,1.1, H6' 
dinpy), 5.73 (2H, dd, J = 8.4, 0.6, HT dinpy), 2.96 (6H, s, CH3). MS(ES+) mlz = 760 
([M+Ht). 
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L = solvent 
A suspenSIOn of bis(~-chloro )bis(1 ,5-di(pyrid-2-yl)-2,4-dimethylbenzene-
N,C6',N iridium chloride) ([Ir(dpydmb)Cl(~-Cl)h) (41 mg, 0.039 mmol), 2,6-di(2-
thienyl)pyridine (dthpyH2) (29 mg, 0.12 mmol) and silver(I) trifluoromethanesulfonate 
(86 mg, 0.33 mmol) in glacial acetic acid (2 ml) was heated to 110°C under a nitrogen 
atmosphere overnight. After cooling to room temperature, water (20 ml) was added and 
the mixture extracted into dichloromethane (3 x 20 ml), dried over MgS04 and filtered. 
Removal of solvent under reduced pressure followed by purification by column 
chromatography (silica, dichloromethane/methanol, gradient elution from 10010 to 95/5) 
gave the desired product as a yellow solid (10 mg, 36%*), mp > 250°C. 
1 5' H-NMR (CDCh, 400 MHz) 8 = 8.22 (lH, dd, J = 7.9, 1.4, H dthpyH), 8.19 
4' 3 _ (lH, t, J = 7.8, H dthpyH), 8.07 (2H, d, J = 8.5, H dpydmb), 7.95 (1H, dd, J - 3.8, 0.8, 
3" _ 4 _ 3' H dthpyH), 7.75 (2H, ddd, J - 8.3, 7.6,1.7, H dpydmb), 7.70 (1H, dd, J -7.5,1.4, H 
6 _ 4" dthpyH) , 7.34 (2H, ddd, J = 5.8, 1.6, 0.6, H dpydmb), 7.17 (1H, dd, J - 5.2, 3.8, H 
dthpyH), 7.07 (1H, S, H4' dpydmb), 7.04 (lH, dd, J = 5.2, 0.7, H5" dthpyH), 7.03 (lH, d, 
J = 4.9, H5 dthpyH), 6.99 (2H, ddd, J = 7.5, 5.7, 1.3, H5 dpydmb), 5.69 (lH, d, J = 4.9, 
H4 dthpyH), 2.86 (6H, S, CH3). \3C{IH}-NMR (CDCh, 101 MHz) 8 = 174.2 (cq), 169.6 
(eq), 159.0 (eq), 151.7 (eH), 149.2 (eq), 148.7 (eq), 140.8 (eH), 139.2 (eq), 138.8 (e4 
dpydmb), 138.3 (eq), 138.0 (eq), 135.5 (eq), 134.3 (e4" dthpyH), 132.9 (e3" dthpyH), 
131.9 (e4' dpydmb), 130.2 (e4 dthpyH), 128.9 (e5 dthpyH or e 5" dthpyH), 127.8 (eH), 
123.4 (e3 dpydmb), 123.2 (e5 dpydmb), 117.4 (e3' dthpyH), 117.1 (eH), 22.7 (eH3). 
• Yield based upon the complete removal of the weakly bound solvent molecule, L, upon drying. 
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MS(ES+) mlz = 694 (~). HRMS(ES+) mlz = 694.0966 (M+); calc. for 193IrC31H23N3S2, 
694.0963. 
6.2.16 Iridium(4-(2,2':6',2"-terpyridin-4'-yl)benzoic acid ethyl ester)(2,6-di-
phenylpyridine-d',N,d)+ 124 [Ir(tpybae)(dppy)f 




Iridium (4-(2, 2':6', 2"-terpyridin-4'-yl)benzoic acid ethyl ester) trichloride 
[Ir(tpybae)CI3J 
A suspension of iridium trichloride trihydrate (177 mg, 0.46 mmol) and 4-
(2,2':6',2"-terpyridin-4'-yl)benzoic acid ethyl ester (tpybae) (167 mg, 0.47 mmol) in 
ethylene glycol (10 ml) was heated to 160°C for 30 minutes. After cooling to room 
temperature, the precipitated solid was collected by centrifugation, washed with ethanol 
(2 x 8 ml), water (2 x 8 ml), ethanol (1 x 8 ml) and diethyl ether (2 x 8 ml), then dried 
under vacuum to give the desired product as pale orange solid (110 mg *). 
I 6 3' H-NMR (d6-DMSO, 500 MHz) 8 = 9.23 (2H, d, J = 5.5, H ), 9.17 (2H, s, H ), 
8.93 (2H, d, J = 8.0, H3), 8.36 (2H, d, J = 8.5, Ha or Hb), 8.32 (2H, td, J = 7.9, 1.4, H4), 
8.23 (2H, d, J = 8.5, Ha or H b), 8.00 (2H, ddd, J = 7.0,5.7,1.1, H5), 4.40 (2H, q, J = 7.1, 
COCfuCH3), 1.38 (3H, t, J = 7.1, COCH2CH3). 
• Although contaminated with ~25% of the ethylene glycol ester, this compound is highly insoluble and 
was used without further purification. 
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Iridium (4-(2,2 I: 6 I, 2 "-terpyridin-4 I_yl) benzoic acid ethyl ester) (2, 6-diphenylpyridine-
2' 2' + + C ,N,C) 124 [Ir(tpybae)(dppy)] 
A suspension of iridium (4-(2,2 ':6',2"-terpyridin-4'-yl)benzoic acid ethyl ester) 
trichloride (Ir(tpybae)Ch) (110 mg) and 2,6-diphenylpyridine (dppyH2) (38 mg, 
0.16 mmol) in ethylene glycol (5 ml) was heated to 196°C under a nitrogen atmosphere 
for 45 minutes. After cooling to room temperature, the reaction mixture was added to 
water (20 ml), extracted into dichloromethane (3 x 30 ml), and dried over MgS04. 
Removal of solvent under reduced pressure followed by purification of the residue by 
column chromatography (silica, dichloromethane/ethanol, gradient elution from 10010 
to 91/9) gave the desired product as a red solid (6 mg, 4%), mp >250°C. 
I 3' H-NMR (CDCh, 400 MHz) 8 = 9.25 (2H, s, H tpybae), 8.97 (2H, d, J = 7.7, 
H3 tpybae), 8.37 (4H, s, Ha tpybae & Hb tpybae), 7.96 (1H, t, J = 8.2, H4' dppy), 7.93 
(2H, t, J = 7.6, H4 tpybae), 7.86 (2H, d, J = 8.0, H3' dppy), 7.73 (2H, d, J = 7.9, H6 
dppy), 7.61 (2H, d, J = 5.8, H6 tpybae), 7.14 (2H, t, J = 6.6, H5 tpybae), 6.98 (2H, t, 
J = 7.8, H5 dppy) , 6.80 (2H, t, J = 7.2, H4 dppy), 6.23 (2H, d, J = 7.3, H3 dppy), 4.45 
(2H, q, J = 7.0, C02CfuCH3 tpybae), 1.47 (3H, t, J = 7.1, C02CH2CH3 tpybae). IH_ 
3' 3 NMR (d6-Acetone, 500 MHz) 8 = 9.49 (2H, s, H tpybae), 9.06 (2H, d, J = 7.5, H 
tpybae), 8.49 (2H, d, J = 7.9, Ha tpybae or Hb tpybae), 8.32 (2H, d, J = 7.6, Ha tpybae or 
b 3' 4' 4 H tpybae), 8.16-8.21 (3H, m, H dppy & H dppy), 8.13 (2H, t, J = 7.1, H tpybae), 
7.99 (2H, d, J = 5.7, H6 tpybae), 7.93 (2H, d, J = 7.7, H6 dppy), 7.45 (2H, t, J = 6.6, H5 
tpybae), 6.96 (2H, td, J = 7.6, 1.2, H5 dppy), 6.74 (2H, td, J = 7.3, 0.8, H4 dppy), 6.32 
(2H, d, J = 7.3, H3 dppy), 4.46 (2H, q, J = 7.1, C02CfuCH3 tpybae), 1.44 (3H, t, J = 7.1, 
C02CH2CH3 tpybae). MS(ES+) mlz = 803 (M+). Amax/nm (Acetonitrile) = 235 
(£/dm3 mor l cm- I 16000),282 (15500),312 (10600),439 (2700),477 (2 100),510 
(1 700). One spot by TLC(silica), Rf= 0.2 in dichloromethane/methanol, 90/10. 
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Benzyl bromide (1.8 ml, 15.1 mmol) was added dropwise to a solution of 
2-methylquinolin-8-01 (2.0 g, 12.6 mmol) and KOH (760 mg, 13.5 mmol) in ethanol 
(25 ml) followed by heating under reflux at 78°C for 12 h. The progress of the reaction 
was followed by TLC (silica, CH2ChlMeOH, 90/10). Precipitated KBr was removed by 
filtration and washed with ethanol. The solvent was removed from the filtrate under 
reduced pressure, and the residue dissolved in water (20 ml). The mixture was acidified 
with HCI (2 mol dm -3) and washed with diethyl ether (2 x 30 ml), followed by addition 
of NaOH solution (5 mol dm-3). The precipitate was isolated by filtration and dried 
under vacuum to give the desired product as a colourless solid (1.78 g, 57%). 
IH-NMR (CDCh, 400 MHz) 8 = 7.99 (1H, d, J = 8.5, H3), 7.50 (2H, d, J = 7.4, 
2' 3' 4 6 4' 5 7 H ),7.35 (2H, tt, J = 7.7, 1.4, H ),7.24-7.31 (4H, m, H ,H ,H & H or H ), 6.98 (lH, 
dd, J = 7.6, 1.4, H5 or H7), 5.45 (2H, s, CH2), 2.80 (3H, s, CH3). MS(EI) mlz = 249 (M+), 
172 (M+ - Ph), 143 (M+ - PhCH20), 91 (C7H/), 65 (C5H/). Characterisation data are 
consistent with that in the literature.226 
8-Benzyloxyquinoline-2-carboxaldehyde226 
8-Benzyloxy-2-methylquinoline (1.35 g, 5.41 mmol) was added to a suspension 
of selenium oxide (752 mg, 6.78 mmol) in 1,4-dioxane (20 ml) under a nitrogen atmos-
phere, followed by heating to 80°C for 24 h. The hot mixture was filtered through 
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Celite® to remove black selenium. The solvent was removed under reduced pressure 
and the residue redissolved in acetone. The remaining red selenium was removed by 
filtration and the solvent was removed under reduced pressure. Purification of the 
residue by column chromatography (silica, CH2ChlMeOH, gradient elution from 100/0 
to 99/1) gave the desired product as a yellow solid (1.15 g, 81 %), mp 92.6-93.5°C. 
IH-NMR (CDCb, 400 MHz) 8 = 10.33 (IH, s, CHO), 8.28 (1H, d, J = 8.5, H3), 
8.08 (1H, d, J = 8.5,H4), 7.52-7.38 (3H, m, H6 & H2), 7.47 (1H, dd, J = 8.3, 1.2, H5 or 
7 3' 4' H ),7.40 (2H, tt, J = 7.8, 1.6, H ),7.33 (1H, tt, J = 7.3, 1.4, H ),7.16 (1H, dd, J = 7.6, 
1.2, H5 or H7), 5.50 (2H, s, PhCfuO). 13CeH}-NMR (CDCb, 101 MHz) 8 = 194.1 
(C=O), 155.4 (cq), 151.8 (cq), 140.5 (cq), 137.4 (CH), 136.7 (Cq), 131.6 (cq), 129.8 
(CH), 128.8 (CH), 128.2 (CH), 127.2 (CH), 120.1 (CH), 118.0 (CH), 111.2 (CH), 71.3 
(PhCH20). MS(EI) mlz = 263 (M+), 234 (M+ - CHO), 186 (M+ - Ph), 157 
(M+ - PhCH20), 91 (C7H/), 65 (C5H/). IR (thin film) v = 1697 cm- l (CHO, C=O 













8-Benzyloxyquinoline-2-carboxaldehyde (1.006 g, 3.92 mmol) in a mixture of 
methanol (20 ml) and dichloromethane (1 ml) was added dropwise over 10 minutes to a 
stirred solution of sodium borohydride (87 mg, 2.30 mmol) in methanol (40 ml). The 
reaction mixture was stirred at room temperature for two days, with additional sodium 
• An adaptation of the procedure used for the synthesis of (8_hydroxyquinolin-2-yl)methanol was 
followed. 462 
198 
Chapter 6.3 - Experimental- Synthesis of lanthanide complexes 
borohydride (160 mg, 4.23 mmol) added after 2~ h and again (159 mg, 4.20 mmol) 
* after 24 h . The solvent was removed under reduced pressure and the residue dissolved 
in water (40 ml), neutralised with HCI (1 mol dm -3, ~ 1 ml) and extracted into ethyl 
acetate (2 x 50 ml). Drying over MgS04 followed by removal of solvent under reduced 
pressure gave the desired product as a yellow solid (771 mg, 75%). 
IH-NMR (CDCb, 300 MHz) 8 = 8.12 (1H, d, J = 8.5, H3), 7.55 (2H, d, J = 7.7, 
2' 7 4 5 3' 4' _ 6 H ), 7.32-7.42 (6H, m, H , H , H ,H & H ), 7.13 (1H, t, J - 4.5, H ), 5.36 (2H, s, 
PhCfuO), 4.94 (2H, s, CfuOH). 
8-Benzyloxy-2-chloromethylquinoline t 
Redistilled thionyl chloride (10 ml) was added over a period of 30 minutes to 
(8-benzyloxyquinolin-2-yl)methanol (771 mg, 2.91 mmol) at O°C, followed by stirring 
at room temperature for 2 ~ h. The solvent was removed under reduced pressure, and 
the residue redissolved in dichloromethane then washed with Na2C03 solution. 
Removal of solvent under reduced pressure followed by recrystallisation of the residue 
from hexane gave the desired product as a pale yellow solid (160 mg). Further yield 
(46 mg) was obtained by column chromatography (silica, CH2Ch) of the residue from 
recrystallisation (giving a total yield of206 mg, 250/0), mp 110.9-111.5°C. 
IH-NMR (CDCb, 300 MHz) 8 = 8.17 (lH, d, J = 8.6, H3), 7.67 (lH, d, J = 8.5, 
4 2' 5 7 3' 4' _ H ), 7.52 (2H, d, J = 7.4, H ), 7.27-7.43 (5H, m, H , H ,H & H ), 7.06 (lH, t, J - 4.6, 
H6), 5.46 (2H, s, PhCfuO), 4.94 (2H, s, PhCfuCI). 13CeH}-NMR (CDCb, 101 MHz) 
8 = 156.0 (cq), 154.4 (cq), 139.6 (cq), 137.4 (cq), 137.1 (cq), 128.9 (cq), 128.7 (CH), 
127.9 (CH), 127.1 (CH), 127.0 (CH), 121.2 (CH), 120.0 (CH), 111.1 (CH), 71.1 
(PhCH20), 47.8 (CH2CI). MS(EI) mlz = 283 (Ml, 248 (M+ - CI), 247 (M+ - HCI), 206 
(M+ - Ph), 177 (M+ - PhCH20), 91 (C7H/), 65 (C5H/). 
• It is suspected that additional reagent was required due to poor quality of the original sodium 
borohydride. 
t An adaptation of the procedure used for the synthesis of 8-hydroxy-2-chloromethylquinoline was 
followed. 462 
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2-Methoxyaniline (2.70 ml, 23.9 mmol) and methyl vinyl ketone (3.00 ml, 
36.0 mmol) were stirred at 35°C in the absence of solvent for 1 h. Excess starting 
material was then removed by evaporation at atmospheric pressure. Concentrated HCI 
(10 ml) was added, and the mixture stirred at 110°C for 20 h. After cooling to room 
temperature the reaction mixture was diluted with water (50 ml), made basic with KOH 
solution and extracted into dichloromethane. Drying over MgS04, removal of solvent 
under reduced pressure, column chromatography (silica, CH2ChlMeOH, gradient 
elution from 10010 to 97/3) and recrystallisation from a hexaneldiethyl ether mixture 
gave the desired product as a brown solid (1.59 g, 38%). 
IH-NMR (CDCb, 300 MHz) 8 = 8.79 (1H, d, J = 4.3, H2), 7.57 (lH, dd, J = 8.7, 
1.3, H5), 7.49 (1H, t, J = 8.0, H6), 7.27 (1H, d, J = 4.4, H3), 7.06 (1H, dd, J = 7.5, 1.1, 
H7), 4.09 (3H, s, OMe), 2.70 (3H, s, Me). 13CeH}-NMR (CDCb, 63 MHz) 8 = 155.9 
(cq), 149.0 (CH), 144.2 (cq), 140.1 (cq), 129.4 (cq), 126.4 (CH), 122.6 (CH), 115.7 
(CH), 107.3 (CH), 56.1 (OCH3), 19 .2 (Me). MS(EI) mlz = 173 (M+), 172 (M+ - H), 142 





4-(Trifluoromethyl)acetophenone (951 mg, 5.05 mmol) and bromine (817 mg, 
5.11 mmol) in acetic acid (10 ml) were stirred at room temperature for 1 Y2 h. The 
progress of the reaction was followed by TLC (silica, hexanelether, 60/40). After this 
period, the reaction mixture was poured into ice and extracted into diethy I ether 
(3 x 30 ml). Drying over MgS04, removal of solvent under reduced pressure, and 
recrystallisation of the residue from hexane gave the desired product as a white 
crystalline solid (588 mg, 44%), mp 55.2-55.8°C. 
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IH-NMR (CDCb, 300 MHz) 8 = 8.11 (2H, d, J = 8.4, arom) , 7.77 (2H, d, 
J = 8.3, arom), 4.45 (2H, s, COCH2Br). IH-NMR (d6-DMSO, 400 MHz) 8 = 8.19 (2H, 
d, J = 8.2, arom), 7.94 (2H, d, J = 8.2, arom), 5.02 (2H, s, COCH2Br). 13CeH}-NMR 
(CDCh, 101 MHz) 8 = 190.5 (s, C=O), 136.7 (s, C1), 135.1 (q, J = 33, C4), 129.3 (s, C2), 
125.9 (q, J = 4, C3), 123.5 (q, J = 273, CF3), 30.6 (s, CH2). 19F_NMR (CDCb, 188 MHz) 
8 = 63.7 (CF3). MS(EI) mlz = 266/268 (M+), 247/249 (~- F), 173 (M+ - CH2Br), 145 
(M+ - COCH2Br), 125 (~- COCH2Br, HF). IR (KBr disc) v = 1701 cm-1 (ketone, 
C=O stretch). Characterisation data are consistent with that in the literature.465 







1,4, 7-Tris-(8-benzy/oxyquinolin-2-y/methyl)-1,4, 7,10-tetraazacyclododecane 
8-Benzyloxyquinoline-2-carboxaldehyde (1.16 g, 4.41 mmol) and 1,4,7,1 O-tetra-
azacyclododecane (269 mg, 1.56 mmol) in dichloromethane (30 ml) were stirred at 
room temperature under a nitrogen atmosphere for 1 h. Sodium triacetoxyborohydride 
(l.16 g, 5.45 mmol) was then added, and the reaction mixture stirred for a further three 
days. Additional 8-benzyloxyquinoline-2-carboxaldehyde (804 mg, 3.05 mmol) and 
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sodium triacetoxyborohydride (779 mg, 3.68 mmol) were added in two portions after a 
further one and two days. The progress of the reaction was followed by TLC (silica, 
CH2ChlMeOH, 95/5). The reaction was terminated 18 h after the third addition by 
treatment with HCI (1 mol dm -3, 10 ml) followed by adjustment to pH 10 with KOH 
solution (1 mol dm -3, ~40 ml). The product was extracted into dichloromethane 
(3 x 30 ml), dried over Na2C03 and the solvent removed under reduced pressure. 
Purification of the residue by column chromatography (alumina pre-soaked in ethyl 
acetate, CH2ChlMeOH, gradient elution from 100/0 to 98/2) followed by recrystallis-
ation from ethyl acetate gave the desired product as a yellow solid (84 mg, 6%): 
MS(ES+) mlz = 914 ([M+Ht). 
1,4, 7-Tris-(8-hydroxyquinolin-2-ylmethyl)-1, 4, 7,1 O-te traazacyclododecane 131 t 
Boron tribromide (1.7 ml, 1.70 mmol) was added to a stirred solution of 
1,4,7 -tris-(8-benzyloxyquinolin-2-ylmethyl)-1 ,4,7,1 O-tetraazacyclododecane (99 mg, 
0.11 mmol) in dichloromethane (10 ml) at O°C under a nitrogen atmosphere. The 
reaction mixture was allowed to warm to room temperature and stirred under nitrogen 
overnight, followed by addition of methanol (15 ml) and stirring at room temperature 
for a further 2 h. Following removal of solvent under reduced pressure, the residue was 
dissolved in NaOH solution (1 mol dm-3, 5 ml) and any solid removed by centrifug-
ation. Neutralisation of the orange solution with HCI (1 mol dm -3) precipitated the 
product, which was collected by centrifugation and dried under vacuum to give the 
desired product as a white solid (69 mg, 100%). 
IH-NMR (CDCb, 200 MHz) 8 = 6.8-8.4 (15H, m, arom) , 3.91 (4H, br s, 
NC!:harom), 3.69 (2H, br s, NC!:harom), 3.26 (4H, br s, NC!:hCH2N), 3.03 (4H, br s, 
NC!:hCH2N), 2.85 (4H, br s, NCfuCH2N), 2.68 (4H, br s, NC!:hCH2N). MS(ES+) 
mlz = 706 ([M+Cut). 
• Even after column chromatography and recrystallisation, the sample was not entirely pure by IH-NMR 
spectroscopy. Hence, due to the complexity of the spectrum, no assignments have been made. 
t Debenzylation to form the 8-hydroxyquinoline derivative was performed as for tris-N-(2-aminoethyl-[8-
benzy loxyquinol ine-2-carboxamido Damine. 466 
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6.3.6 1,4,7,10-Tetraazacyclododecane-1 ,4,7 -tris(acetic acid telt-butyl 
ester) 126318 
+ 
t BU02C 2 3 
( 1\ /-C02 tBu 
_N_a_H_C_O_3 --i.~ 12 eN N J5 
MeCN 11 N N 6 
H LJ I 
9 8 C02tBu 
tert-Butyl bromoacetate (7.71 ml, 52.2 mmol) and 1 ,4,7, 1 O-tetraazacyclo-
dodecane (2.97 g, 17.2 mmol) were added to a stirred suspension of sodium hydrogen 
carbonate (4.47 g, 53.2 mmol) in acetonitrile (120 ml), and the mixture stirred in the 
presence of a small amount of molecular sieves at room temperature under a nitrogen 
atmosphere. The progress of the reaction was followed by TLC (silica, CH2ChlMeOH, 
95/5). After 18 h, the solution was decanted from the molecular sieves, which were 
washed with more acetonitrile. The solvent was removed from the combined solutions 
under reduced pressure, and the residue added to water (150 ml) followed by extraction 
into dichloromethane (3 x 150 ml). Removal of solvent under reduced pressure and 
recrystallisation of the residue from toluene gave the desired product as a colourless 
solid (5.38 g, 61 %), mp = 179.3-180.5°C. 
IH-NMR (CDCb, 300 MHz) 8 = 10.09 (lH, br s, NH), 3.37 (4H, s, 
NCfuC02tBu), 3.28 (2H, s, NCfuC02tBu), 3.09 (4H, t, J = 8.3, H9 & HII), 2.92 (8H, t, 
J = 8.3, H2, H3, H5 & H6), 2.90 (4H, t, J = 8.3, H8 & H I2), 1.46 (l8H, s, tBu), 1.45 (9H, 
s, tBu). 13CeH}-NMR (CDCb, 101 MHz) 8 = 170.6 (C=O), 169.8 (C=O), 82.0 
(C(CH3)3), 81.8 (C(CH3)3), 58.3 (CH2), 51.5 (CH2), 49.4 (CH2), 47.6 (CH2), 28.4 
(C(CH3)3), 28.3 (C(CH3)3)' MS(ES+) mlz = 515 ([M+Ht). IR (KBr disc) v = 1729 cm-I 
(C02tBu, C=O stretch), 1718 cm -1 (C02tBu, C=O stretch). Characterisation data are 
. . h h . h l' 318 consIstent WIt t at In t e Iterature. 
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6.3.7 Europium(llI) 1 0-((3-Benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,10-





! (i) TFA (ii) Eu(N03h 
°-yO \r\, ~O 
H20"-_N N'- \ r~' / -.., 0 
° Eu-:T NJ-)t\~Nl 
H O~O 
Bromoacetyl bromide (2.84 g, 14.1 mmol) was added dropwise to a solution of 
3-aminobenzophenone (2.19 g, 11.1 mmol) and triethylamine (1.36 g, 13.4 mmol) in 
diethyl ether (100 ml) at -10°C, ensuring that the temperature did not rise above O°C. 
After warming to room temperature, the precipitated solid was isolated by filtration, re-
dissolved in dichloromethane and washed with HCI (1 mol dm -3, 3 x 50 ml). Drying 
over MgS04, removal of solvent under reduced pressure and drying under vacuum gave 
the desired product as a pale brown solid (2.42 g, 68%). 
IH-NMR (CDCb, 400 MHz) 8 = 8.32 (1H, br s, NH), 7.94 (1H, d, J = 7.8, H6), 
2 2' 4' d 7.85 (1H, s, H ),7.81 (2H, d, J = 5.6, H ),7.61 (lH, tt, J = 7.4, 1.4, H ),7.57 (lH, t, 
J = 7.7, 1.3, H4), 7.46-7.53 (3H, m, H5 & H3), 4.03 (2H, s, CH2). 13CeH}-NMR 
(CDCh, 101 MHz) 8 = 196.1 (C=O), 163.8 (C=O), 138.7 (cq), 137.3 (cq). 137.3 (Cq), 
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132.9 (C4), 130.2 (C2), 129.3 (C5), 128.6 (C3), 126.9 (C4), 124.1 (C6), 121.4 (C2), 29.4 
(CH2). MS(EI) mlz=317/319 (M+), 240/242 (~-Ph), 238 (M+-Br), 197 
(PhCOC6H4NH/), 105 (PhCO+), 77 (Ph+). IR (KBr disc) v = 1662 cm-I (ketone, c=o 
stretch), 1655 cm -I (amide, C=O stretch). 
10-((3 -Benzoyl-phenylcarbamoyl) me thyl)-1, 4, 7,1 O-te traazacyclo do de cane-
1,4, 7-tris(acetic acid tert-butyl ester) 
1,4,7,10-Tetraazacyclododecane-l,4,7-tris(acetic acid tert-butyl ester) (3.76 g, 
7.31 mmol), N-(3-benzoyl-phenyl)-2-bromo-acetamide (2.32 g, 7.29 mmol), caesium 
carbonate (7.36 g, 22.6 mmol) and a few grains of potassium iodide in acetonitrile 
(150 ml) were stirred at room temperature under a nitrogen atmosphere for two days. 
The progress of the reaction was followed by TLC (silica, CH2ChlMeOH, 95/5). The 
solvent was removed under reduced pressure, and the residue added to water (100 ml) 
then extracted into dichloromethane (3 x 100 ml). Drying over MgS04 and removal of 
solvent under reduced pressure gave the desired product as a brown solid (4.77 g, 87%). 
IH-NMR (CDCb, 300 MHz) 8 = 11.16 (1H, br s, NH), 8.65 (IH, d, J = 7.9, H6), 
2 2' 4 5 3' 4' 8.49 (1H, s, H ), 8.33 (2H, d, J = 7.6, H ), 7.90-8.12 (5H, m, H , H ,H & H ), 3.71 
(2H, s, CH2), 3.68 (2H, s, CH2), 3.65 (4H, s, CH2), 3.26-3.40 (12H, m, NCfuCH2N), 
3.14 (4H, br s, NCfuCH2N), 1.93 (9H, s, tBu), 1.89 (18H, s, tBu). MS(ES+) mlz = 774 
([M+Nat)· 
Europium (III) 1 0-((3-Benzoyl-phenylcarbamoyl)methyl)-1,4, 7,1 O-tetraazacyclo-
dodecane-1,4, 7-trisacetate [Eu'128] 
A solution of 1 0-«3-benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,1 O-tetraazacyclo-
dodecane-l,4,7-tris(acetic acid tert-butyl ester) (3.55 g, 4.72 mmol) in 80% TFA in di-
chloromethane (50 ml) was stirred at room temperature for three days. The reaction 
could be followed by IH NMR (D20). Removal of solvent under reduced pressure 
followed by washing with dichloromethane (2 x 100 ml) then diethyl ether (2 x 100 ml) 
gave 1 0-«3-benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,1 O-tetraazacyclododecane-l ,4,7-
tris( acetic acid) as a pale brown solid, which was used without further purification. 
IH-NMR (D20, 400 MHz) 8 = 7.84 (lH, s, arom), 7.76 (3H, d, J = 7.5, arom), 
7.71 (lH, t, J = 7.3, arom), 7.49-7.58 (4H, m, arom), 3.86 (8H, br s, CH2), 3.29 (16H, br 
s, NCfuCH2N). MS(ES+) mlz = 584 ([M+H]l, 606 ([M+Nat)· 
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This was redissolved along with europium(III) nitrate pentahydrate (3.00 g, 
7.01 mmol) in water (l00 ml), the solution adjusted to pH 6 with NaOH solution 
(2 mol dm -3) and heated under reflux at 100°C for 24 h. After cooling to room 
temperature the solvent was removed under reduced pressure. The residue was re-
dissolved in ethanol and all undissolved material removed by filtration. Removal of 
solvent under reduced pressure and purification of the residue by column chromat-
ography (alumina, CH2ChlMeOH, gradient elution from 100/0 to 95/5) gave the desired 
product as a colourless solid (1.67 g, 480/0), mp >250°C. 
IH-NMR (D20, 500 MHz) 8 = 34.21 (lH, s, Hax), 31.35 (lH, s, Hax), 30.24 (1H, 
s, Hax), 30.03 (lH, s, Hax), 7.82-8.74 (9H, m, arom), 1.14 (1H, s, Heq), -0.50 (2H, s, Heq 
& Hax), -2.99 (lH, s, Heq), -3.86 (2H, s, Heq & Hax), -5.09 (lH, s, Heq,), -7.87 (2H, s, 
Heq' & Heq,), -8.10 (lH, s, Heq,), -10.67 (lH, s, CH2CO), -11.91 (lH, s, Hax'), -12.20 (1H, 
s, CH2CO), -12.46 (lH, s, Hax), -13.82 (lH, s, CH2CO), -13.96 (lH, s, CH2CO), -14.90 
(1H, s, CH2CO), -15.10 (lH, s, CH2CO), -16.21 (lH, s, CH2CO), -17.54 (lH, s, 
CH2CO). MS(ES+) mlz = 756 ([M+Nat). HRMS(ES+) mlz = 734.1702 ([M+Ht); calc. 
for EUC29H3S0sNs, 734.1692. 
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6.3.8 10-( (2-Benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,1 O-tetraazacyclo-
dodecane-1 ,4,7 -tris(acetic acid telt-butyl ester) 
Br~ 






Bromoacetyl bromide (2.89 g, 14.3 mmol) was added dropwise to a solution of 
2-aminobenzophenone (2.19 g, 11.1 mmol) and triethylamine (1.50 g, 14.8 mmol) in 
diethyl ether (100 ml) at -10°C, ensuring that the temperature did not rise above O°C. 
After warming to room temperature, the reaction mixture was washed with HCI 
(1 mol dm -3, 3 x 50 ml) and dried over MgS04. Removal of solvent under reduced 
pressure and drying under vacuum gave the desired product as a pale brown solid 
(3.30 g, 93%). 
IH-NMR (CDCb, 500 MHz) 8 = 11.50 (1H, br s, NH), 8.59 (1H, d, J = 8.2, H6), 
2' 3 5 4' _ 3' 7.72 (2H, d, J = 7.9, H ), 7.58-7.63 (3H, m, H ,H & H ), 7.49 (2H, t, J - 7.6, H ), 
7.16 (1H, t, J = 7.6, H4), 4.03 (2H, s, CH2). 13CeH}-NMR (CDCh, 126 MHz) 8 = 199.4 
(C=O), 165.2 (NHC=O), 139.6 (cq), 138.4 (cq), 134.3 (C3 or C5 or C4), 133.7 (C3 or C5 
or C4), 132.8 (C3 or C5 or C4), 130.1 (C2), 128.5 (C3), 124.2 (cq), 123.2 (C4), 121.7 
(C6), 29.6 (CH2). MS(EI) mlz = 317/319 (M+), 240/242 (M+ - Ph), 238 (M+ - Br), 224 
(M+ - CH2Br), 212/214 (M+ - PhCO), 196 (M+ - COCH2Br), 105 (PhCO+), 77 (Ph+). 
IR (KBr disc) v = 1684 cm- l (ketone, C=O stretch), 1630 cm- l (amide, C=O stretch). 
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1 O-((2-Benzoyl-phenylcarbamoyl)methylJ-l, 4,7,1 O-tetraazacyclododecane-
1,4, 7 -tris( acetic acid tert-butyl ester) 
1,4,7,10-Tetraazacyc1ododecane-l,4,7-tris(acetic acid tert-butyl ester) (1.88 g, 
3.65 mmol), N-(2-benzoyl-phenyl)-2-bromo-acetamide (1.16 g, 3.65 mmol), caesium 
carbonate (3.68 g, 11.3 mmol) and a few grains of potassium iodide in acetonitrile 
(75 ml) were stirred at room temperature under a nitrogen atmosphere for two days. The 
progress of the reaction was followed by TLC (silica, CH2ChlMeOH, 95/5). The 
solvent was removed under reduced pressure, and the residue added to water (50 ml) 
then extracted into dichloromethane (3 x 50 ml). Drying over MgS04 and removal of 
solvent under reduced pressure gave the desired product as a brown solid (2.40 g, 87%). 
IH-NMR (CDCb, 300 MHz) 8 = 11.27 (lH, br s, NH), 8.23 (lH, d, J = 8.1, H6), 
_ 2' _ 4' _ 5 7.79 (2H, d, J - 8.0, H ),7.56 (lH, tt, J -7.4,1.2, H ),7.51 (lH, td, J - 8.1,1.5, H ), 
3 3' _ 4 7.42-7.47 (3H, m, H & H ),7.12 (lH, td, J - 7.5,1.0, H ),3.35 (2H, s, CH2), 3.25 (4H, 
s, CH2), 3.11 (2H, s, CH2), 2.72-2.91 (l6H, m, NCfuCH2N), 1.46 (9H, s, tBu), 1.39 
(18H, s, tBu). MS(ES+) mlz = 752 ([M+Ht), 774 ([M+Nat)· 
6.3.9 Europium(lII) 1 0-«2-Benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,10-
tetraazacyclododecane-1 ,4,7 -trisacetate [Eu·127] 
(i) TFA 
0'r0 \r\, ~O 
H20-........N N~ \ r~' / -.., 0 0- -Eu-y /_.)t\~NI 
H O~O 
A solution of 1 0-((2-benzoyl-pheny1carbamoyl)methyl)-1,4,7, 1 O-tetraazacyc1o-
dodecane-1,4,7-tris(acetic acid tert-butyl ester) (154 mg, 0.20 mmol) in 80% TFA in di-
chloromethane (2 ml) was stirred at room temperature for three days. The reaction could 
be followed by IH NMR (D20). Removal of solvent under reduced pressure followed by 
washing with dichloromethane (3 x 20 ml) then diethyl ether (3 x 20 ml) gave 10-((2-
benzoyl-pheny1carbamoyl)methyl)-1 ,4,7,1 O-tetraazacyc1ododecane-l ,4, 7-tris(acetic 
acid) as a pale brown solid, which was used without further purification. 
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IH-NMR (D20, 400 MHz) 8 = 7.72 (2H, d, J = 7.8, arom), 7.66 (IH, t, J = 7.5, 
arom), 7.64 (lH, t, J = 8.1, arom), 7.48-7.53 (3H, m, arom), 7.46 (lH, d, J = 8.1, arom), 
7.40 (lH, t, J = 7.9, arom), 2.70-3.97 (24H, br m, CH2). MS(ES+) mlz = 584 ([M+Ht), 
606 ([M+Nat). 
This was redissolved along with europium(III) nitrate pentahydrate (95 mg, 
0.22 mmol) in water (3 ml), the solution carefully adjusted to pH 6 with NaOH solution 
(2 mol dm -3) (NOTE: The reaction must not be carried out under more basic conditions, 
otherwise the product shown in Section 6.3.10 is obtained) and heated to 40°C for 24 h. 
After cooling to room temperature the solvent was removed under reduced pressure. 
The residue was redissolved in ethanol and all undissolved material removed by 
filtration. Removal of solvent under reduced pressure and purification of the residue by 
column chromatography (alumina, CH2ChlMeOH, gradient elution from 100/0 to 
85115) gave the desired product as a colourless solid (82 mg, 550/0),· mp >250°C. 
IH-NMR (D20, 500 MHz) 8 = 33.95 (lH, s, Hax), 31.01 (lH, s, Hax), 29.37 (lH, 
s, Hax), 28.71 (lH, s, Hax), 7.00-10.00 (9H, m, arom), 1.60 (lH, s), 1.39 (IH, s), -1.01 
(lH, s), -3.15 (lH, s), -3.81 (lH, s), -4.78 (lH, s), -4.91 (lH, s), -8.04 (lH, s), -8.48 
(2H, s), -9.89 (lH, s), -11.58 (lH, s), -12.44 (lH, s), -13.31 (lH, s), -13.55 (lH, s), 
-13.68 (lH, s), -14.37 (lH, s), -15.48 (lH, s), -16.50 (lH, s), -18.29 (lH, s). 
MS(ES+) mlz = 756 ([M+Nat). 
• Additional purification by further column chromatography (alumina, CH2ChlMeOH,. gradien~ elution 
from 100/0 to 85/15) was required to remove small traces of impurity before photophysIcal studIes were 
performed. 
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6.3.10 Europium(lII) 1 O-(2-hydroxy-4-phenylquinolin-3-yl)-1 ,4,7,1 O-tetra-




A solution of 10-((2-benzoyl-phenylcarbamoyl)methyl)-1 ,4,7, 1 O-tetraazacyclo-
dodecane-l,4,7-tris(acetic acid tert-butyl ester) (1.78 g, 2.37 mmol) in 80% TFA in di-
chloromethane (25 ml) was stirred at room temperature for three days. The reaction 
could be followed by IH NMR (D20). Removal of solvent under reduced pressure 
followed by washing with dichloromethane (3 x 50 ml) then diethyl ether (3 x 50 ml) 
gave 10-( (2-benzoy 1-pheny lcarbamoy I )methy 1)-1 ,4,7,10-tetraazacyclododecane-
1,4,7-tris(acetic acid) as a pale brown solid, which was used without further 
purification. This was redissolved along with europium(III) nitrate pentahydrate (l.03 g, 
2.41 mmol) in water (30 ml), the solution made basic with NaOH solution (2 mol dm -3), 
and heated under reflux at 100°C for 24 h. After cooling to room temperature the 
solvent was removed under reduced pressure. The residue was redissolved in ethanol 
and all undissolved material removed by filtration. Removal of solvent under reduced 
pressure and purification of the residue by column chromatography (alumina, 
CH2ChlMeOH, gradient elution from 100/0 to 50/50) gave the desired product as a 
colourless solid (1.14 g, 680/0), mp >250°C. 
IH-NMR (D20, 500 MHz) 8 = 41.81 (lH, s, Hax), 41.25 (lH, s, Hax), 35.27 (lH, 
s, Hax), 30.78 (lH, s, Hax), 8.94 (lH, s, arom) , 8.29 (2H, s, arom), 7.17 (lH, s, arom), 
6.52 (lH, s, Heq), 5.67 (lH, s, arom), 4.00-5.50 (4H, obscured by H20, arom), 3.55 (lH, 
s, Heq), 1.62 (lH, s, Heq), -1.95 (lH, s, Heq), -2.58 (lH, s, Hax'), -5.64 (lH, s, Heq), 
-5.91 (lH, s, Heq), -6.72 (lH, s, Hax), -9.14 (lH, s, Heq), -10.71 (lH, s, Heq ,), -13.12 
(lH, s, Hax '), -13.99 (lH, s, Hax), -14.85 (lH, s, CH2CO), -15.98 (IH, s, CH2CO), 
-18.02 (lH, s, CH2CO), -18.93 (IH, s, CH2CO), -19.24 (2H, s, CH2CO). MS(ES+) 
mlz = 716 ([M+Ht), 738 ([M+Nat). MS(ES-) mlz = 714 ([M-Hr)· HRMS(ES+) 
mlz = 733.1862 ([M+NH4t); calc. for EuC29H3607N6, 733.1852. 
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6.3.11 Yttrium(lII) 10-(2-hydroxy-4-phenylquinolin-3-yl)-1 ,4,7,1 O-tetraaza-




A solution of 1 0-((2-benzoyl-phenylcarbamoyl)methyl)-1 ,4,7,1 O-tetraazacyclo-
dodecane-l,4,7-tris(acetic acid tert-butyl ester) (156 mg, 0.21 mmol) in 80% TFA in di-
chloromethane (2 ml) was stirred at room temperature for three days. The reaction could 
be followed by IH NMR (D20). Removal of solvent under reduced pressure followed by 
washing with dichloromethane (3 x 20 ml) then diethyl ether (3 x 20 ml) gave 10-((2-
benzoy 1-pheny 1carbamoy I )methy 1)-1,4,7,10-tetraazacyclododecane-l ,4,7 -tris( acetic 
acid) as a pale brown solid, which was used without further purification. This was re-
dissolved along with yttrium(III) nitrate (85 mg, 0.31 mmol) in water (3 ml), the 
solution made basic with NaOH solution (2 mol dm-3) and heated under reflux at 100°C 
for 24 h. After cooling to room temperature the solvent was removed under reduced 
pressure. The residue was redissolved in ethanol and all undissolved material removed 
by filtration. Removal of solvent under reduced pressure and purification of the residue 
by column chromatography (alumina, CH2CblMeOH, gradient elution from 100/0 to 
20/80) gave the desired product as a colourless solid (87 mg, 62%), mp >250°C. 
IH-NMR (D20, 400 MHz) 8 = 7.67 (1H, t, J = 7.5, arom), 7.58-7.63 (4H, m, 
arom), 7.39-7.42 (2H, m, arom), 7.23 (lH, t, J = 7.6, arom), 7.02 (1H, d, J = 8.1, arom), 
1.16-4.20 (22H, m, CH2). MS(ES+) mlz = 674 ([M+Nat). 
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6.3.12 Europium(lII) 1 O-(2-hydroxy-4-methylquinolin-3-yl)-1 ,4,7,1 O-tetra-
azacyclododecane-1 ,4,7 -trisacetate [Eu·133] 
N-(2-Acetyl-phenyl)-2-bromo-acetamide 
Bromoacetyl bromide (2.89 g, 14.3 mmol) was added dropwise to a solution of 
2-aminoacetophenone (1.34 g, 11.1 mmol) and triethylamine (1.50 g, 14.8 mmol) in 
diethyl ether (100 ml) at -10c C, ensuring that the temperature did not rise above OCC. 
After warming to room temperature, the precipitated solid was removed by filtration 
and washed with diethyl ether (100 ml). The combined filtrates were washed with HCI 
solution (I mol dm-3, 3 x 50 ml) and dried over MgS04. Removal of solvent under 
reduced pressure and drying under vacuum gave the desired product as a pale brown oil 
that solidified upon standing (2.26 g, 79%). 
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IH-NMR (CDCh, 400 MHz) 8 = 12.37 (lH, br s, NH), 8.71 (lH, dd, J = 8.5, 1.0, 
arom), 7.94 (lH, dd, J = 8.0, 1.6, arom) , 7.59 (lH, ddd, J = 8.4, 7.4, 1.6, arom), 7.20 
(lH, ddd, J = 7.8, 6.8, 1.1, arom), 4.03 (2H, s, CH2), 2.70 (3H, s, CH3). 13CeH}-NMR 
(CDCh, 101 MHz) 8 = 202.8 (C=O), 165.7 (CONH), 140.1 (cq), 135.2 (CH), 131.8 
(CH), 123.6 (CH), 122.7 (cq), 121.0 (CH), 29.7 (CH2), 28.6 (CH3). MS(EI) 
mlz = 255/257 (M+), 240/242 (M+ - CH3), 212/214 (M+ - COCH3), 176 (M+ - Br), 162 
(M+ - CH2Br), 135 (H2NC6H4COCH3l, 133 (M+ - COCH3, Br), 120 (C6H3COCH/), 
77 (C6H/), 65 (CsHs +), 43 (CH3CO+). IR (KBr disc) v = 1670 cm -I (ketone, c=o 
stretch), 1655 cm -I (amide, C=O stretch). 
1 O-((2-A cetyl-phenylcarbamoyl) methyl)-1, 4,7,1 O-tetraazacyclododecane-
1,4,7 -tris( acetic acid tert-butyl ester) 
1,4,7,10-Tetraazacyclododecane-1 ,4,7-tris(acetic acid tert-butyI ester) (1.88 g, 
3.65 mmol), N-(2-acetyl-phenyl)-2-bromo-acetamide (934 mg, 3.65 mmol), caesium 
carbonate (3.69 g, 11.3 mmol) and a few grains of potassium iodide in acetonitrile 
(75 ml) were stirred at room temperature under a nitrogen atmosphere for two days. The 
progress of the reaction was followed by TLC (silica, CH2Ch). The solvent was 
removed under reduced pressure, and the residue added to water (50 ml) then extracted 
into dichloromethane (3 x 50 ml). Drying over MgS04 and removal of solvent under 
reduced pressure gave the desired product as a brown solid (1.93 g, 76%).* 
IH-NMR (CDCb, 400 MHz) 8 = 12.27 (lH, br s, NH), 8.67 (lH, d, J = 8.5, 
arom), 7.83 (lH, d, J = 7.9, arom), 7.51 (lH, t, J = 7.7, arom), 7.11 (lH, 7.6, arom), 3.39 
(2H, s, CH2), 3.28 (4H, s, CH2), 3.20 (2H, s, CH2), 2.75-3.00 (l6H, m, NCfuCH2N), 
1.45 (9H, s, tBu), 1.41 (l8H, s, tBu). MS(ES+) mlz = 690 ([M+Ht), 712 ([M+Na]l. 
Europium (III) 1 O-(2-hydroxy-4-methylquinolin-3-yl)-1, 4,7,1 O-tetraazacyclododecane-
1,.:/, 7-trisacetate fEu·133 ] 
A solution of 10-((2-acetyl-phenylcarbamoyl)methyl)-1 ,4,7,1 O-tetraazacyclo-
dodecane-1,4,7-tris(acetic acid tert-butyl ester) (440 mg, 0.64 mmol) in 800/0 TFA in di-
chloromethane (5 ml) was stirred at room temperature for three days. The reaction could 
be followed by IH NMR (D20). Removal of solvent under reduced pressure followed by 
washing with dichloromethane (3 x 25 ml) then diethyl ether (3 x 25 ml) gave 
• Attempted purification by column chromatography (silica, CH2ChlMeOH) resulted in decomposition, 
and therefore the product was used without further purification. 
213 
Chapter 6.3 - Experimental - Synthesis of lanthanide complexes 
1 0-((2-acetyl-phenylcarbamoyl)methyl)-I,4, 7,1 O-tetraazacyc1ododecane-
1,4,7 -tris( acetic acid) as a pale brown solid, which was used without further 
purification. 
IH-NMR (D20, 400 MHz) 8 = 8.06 (1H, d, J = 8.8, arom), 8.03 (1H, d, J = 8.0, 
arom), 7.64 (1H, t, J = 7.8, arom), 7.34 (1H, t, arom), 3.90 (8H, br s, CH2), 3.34 (16H, 
br s, NCfuCH2N), 2.67 (3H, s, Me). 
This was redissolved along with europium(III) nitrate pentahydrate (412 mg, 
0.96 mmol) in water (15 ml), the solution made basic with NaOH solution (2 mol dm -3) 
and heated under reflux at 100°C for 24 h. After cooling to room temperature the 
solvent was removed under reduced pressure. The residue was dissolved in ethanol and 
all undissolved material removed by filtration. Removal of solvent under reduced 
pressure and purification of the residue by column chromatography (alumina, 
CH2ChlMeOH, gradient elution from 100/0 to 50/50) gave the desired product as a 
colourless solid (150 mg, 36%), mp >250°C. 
IH-NMR (D20, 500 MHz) 8 = 43.10 (1H, s, Hax), 42.40 (1H, s, Hax), 35.42 (1H, 
s, Hax), 30.30 (IH, s, Hax), 6.76 (1H, s, Heq), 5.83 (1H, s, arom), 5.61 (1H, s, arom), 5.56 
(1H, s, arom), 5.20 (1H, s, Heq), 3.95 (1H, s, arom), 3.31 (3H, s, Me), 1.14 (2H, s, Heq,), 
-1.25 (1H, s, Hax), -1.98 (1H, s, Heq), -4.97 (1H, s, Heq,), -6.41 (1H, s, Hax), -6.76 
(IH, s, Heq), -9.60 (1H, s, Heq,), -11.51 (1H, s, Heq,), -13.74 (1H, s, Hax), -14.30 (IH, s, 
CH2CO), -15.07 (1H, s, Hax'), -15.52 (1H, s, CH2CO), -17.69 (1H, s, CH2CO), -18.96 
(1H, s, CH2CO), -20.21 (1H, s, CH2CO), -20.32 (1H, s, CH2CO). MS(ES+) mlz = 676 
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Appendix A - Crystal structures 
Crystallographic data for [Ir(dpydmb )(ttpy)]2+.2(PF6-) 
C73 
C53 
Structure of the [Ir(dpydmb)(ttpy)]2+ cation crystallised as the PF6- salt from 
acetone; 120 K, thermal ellipsoids shown at 50% probability. 
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b = 19.0106(3) A 






0.12 x 0.1 0 x 0.05 mm 3 
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-17 ~ h < 17, -21 < k < 26, -43 < I < 46 
52795 
10414 [R(int) = 0.0534] 
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Integration 
0.843 and 0.373 
Full-matrix least-squares on F2 
10414/0/577 
1.018 
Rl = 0.0372, wR2 = 0.0805 
Rl = 0.0619, wR2 = 0.0905 
2.616 and -0.819 e.A-3 
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Table A2. Atomic coordinates (x 104) and equivalent isotropic displacement 
parameters (A2 x 103) for [Ir(dpydmb)(~tpy)]2+.2(PF6-). V(eq) is defined as one 
third of the trace of the orthogonalized VIJ tensor. 
x y z U(eq) 
Ir(l) 9438(1) 2867(1) -1349(1) 16(1) 
P(1) 7484(1) 6154(1) 16(1) 32(1) 
F(l) 6567(3) 6184(2) -295(1) 92(2) 
F(2) 6737(4) 6482(2) 338(2) 104(2) 
F(3) 8431(3) 6106(2) 324(1) 58(1) 
F(4) 8251(3) 5817(2) -301(1) 58(1) 
F(5) 7125(3) 5380(2) 136(1) 58(1) 
F(6) 7846(3) 6912(2) -118(1 ) 57(1) 
P(2) 5212(1) 4756(1) 2247(1) 26(1) 
F(7) 4489(3) 4174(2) 2038(1) 59(1) 
F(8) 6212(2) 4468(2) 2012(1) 44(1) 
F(9) 5907(3) 5353(2) 2440(1) 58(1) 
F(lO) 4198(2) 5041(2) 2471(1) 41(1) 
F(ll) 5452(3) 4242(2) 2602(1) 71(1) 
F(12) 4971(2) 5271(2) 1884(1) 38(1) 
N(1) 10211(3) 2048(2) -1086(1) 20(1) 
C(ll) 10646(3) 1492(2) -1267(1) 23(1) 
C(12) 11190(3) 980(2) -1065(1) 26(1) 
C(13) 11307(3) 1040(2) -662(1) 28(1) 
C(14) 10857(3) 1608(2) -469(1) 23(1) 
C(15) 10297(3) 2101(2) -683(1) 21(1) 
N(2) 9333(2) 3140(2) -772(1) 19(1) 
C(21) 9768(3) 2712(2) -500(1) 20(1) 
C(22) 9690(3) 2887(2) -105(1) 21(1) 
C(23) 9167(3) 3503(2) 1(1) 22(1) 
C(24) 8728(3) 3934(2) -292(1) 23(1) 
C(25) 8818(3) 3731(2) -681(1) 19(1) 
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N(3) 8611(2) 3790(2) 
-1391(1) 19(1) 
C(31) 8391(3) 4096(2) 
-1033(1 ) 20(1) 
C(32) 7789(3) 4705(2) 
-1011(1) 24(1) 
C(33) 7389(3) 4996(2) 
-1356(1) 24(1) 
C(34) 7639(3) 4694(2) 
-1714(1) 23(1) 
C(35) 8253(3) 4099(2) 
-1720(1) 22(1) 
C(40) 9092(3) 3727(2) 419(1) 24(1) 
C(41) 8868(3) 3246(2) 717(1) 27(1) 
C(42) 8785(3) 3471(2) 1105(1) 28(1) 
C(43) 8933(3) 4178(3) 1206(1) 28(1) 
C(44) 9165(3) 4645(3) 906(1) 29(1) 
C(45) 9242(3) 4430(3) 518(1) 28(1) 
C(46) 8823(4) 4434(3) 1627(1) 34(1) 
N(5) 10838(3) 3329(2) -1492(1) 20(1) 
C(51) 11518(3) 3594(2) -1229(1) 28(1) 
C(52) 12466(4) 3877(3) -1340(1) 32(1) 
C(53) 12724(4) 3895(3) -1733(1) 35(1) 
C(54) 12029(3) 3621(2) -2005(1) 30(1) 
C(55) 11078(3) 3328(2) -1890(1) 21(1) 
C(6) 9481(3) 2668(2) -1914(1) 18(1) 
C(61) 10291(3) 2974(2) -2138(1) 20(1) 
C(62) 10237(3) 2916(2) -2551(1) 22(1) 
C(63) 9395(3) 2543(2) -2710(1) 24(1) 
C(64) 8587(3) 2233(2) -2494(1) 22(1) 
C(65) 8639(3) 2303(2) -2079(1) 19(1) 
C(66) 11028(4) 3240(2) -2830(1) 29(1) 
C(67) 7730(4) 1849(2) -2713(1) 31(1) 
N(7) 8093(3) 2287(2) -1401(1) 19(1) 
C(71) 7883(3) 2051(2) -1779(1) 21(1) 
C(72) 7015(3) 1623(2) -1840(1) 26(1) 
C(73) 6364(3) 1449(2) -1530(1) 29(1) 
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C(74) 6576(3) 1690(2) 
-1155(1) 28(1) 
C(75) 7451(3) 2106(2) -1103(1) 22(1) 
C(1) 4285(4) 6199(3) 681(1) 33(1) 
C(2) 4698(5) 6428(3) 1068(2) 54(2) 
C(3) 4624(5) 5494(3) 531(2) 55(2) 
0(1) 3705(3) 6577(2) 493(1) 50(1) 
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Table A3. Bond lengths [A] and angles [0] for [Ir(dpydmb)(ttpy)]2+.2(PF6-). 
Ir(l )-C(6) 1.954(4) C(23)-C( 40) 1.483(5) 
Ir(l)-N(2) 2.030(3) C(24 )-C(25) 1.381(5) 
Ir(l )-N(5) 2.046(3) C(25)-C(31 ) 1.484(5) 
Ir(1)-N(1) 2.046(3) N(3)-C(35) 1.340(5) 
Ir(l )-N(7) 2.047(3) N(3)-C(31) 1.379(5) 
Ir(l)-N(3) 2.052(3) C(31 )-C(32) 1.391(6) 
P(l)-F(1) 1.575(4) C(32)-C(33) 1.392(6) 
P(1)-F(2) 1.577(4) C(33)-C(34) 1.381(6) 
P(l)-F(6) 1.581 (3) C(34)-C(35) 1.375(6) 
P(1)-F(4) 1.588(3) C( 40)-C( 41) 1.391(6) 
P(l)-F(5) 1.594(3) C( 40)-C( 45) 1.393(6) 
P(l)-F(3) 1.598(3) C( 41 )-C( 42) 1.391(6) 
P(2)-F(9) 1.581 (3) C( 42)-C( 43) 1.400(6) 
P(2)-F(11) 1.582(3) C( 43)-C( 44) 1.384(6) 
P(2)-F(10) 1.593(3) C( 43)-C( 46) 1.513(6) 
P(2)-F(8) 1.600(3) C( 44)-C( 45) 1.383(6) 
P(2)-F(12) 1.602(3) N(5)-C(51) 1.342(5) 
P(2)-F(7) 1.605(3) N(5)-C(55) 1.387(5) 
N(1)-C(11) 1.342(5) C(51)-C(52) 1.376(6) 
N(1)-C(15) 1.375(5) C(52)-C(53) 1.373(6) 
C(11 )-C(12) 1.377(6) C(53)-C(54) 1.383(6) 
C(l2)-C(13) 1.381 (6) C(54)-C(55) 1.390(6) 
C(13 )-C(14) 1.388(6) C(55)-C(61 ) 1.473(6) 
C(14 )-C(l5) 1.384(6) C(6)-C(65) 1.396(5) 
C( 15)-C(21 ) 1.479(6) C(6)-C(61) 1.410(5) 
N(2)-C(25) 1.337(5) C(61)-C(62) 1.406(6) 
N(2)-C(21) 1.349(5) C(62)-C(63) 1.395(6) 
C(21 )-C(22) 1.385(5) C(62)-C(66) 1.515(6) 
C(22)-C(23) 1.396(6) C(63)-C(64) 1.394(6) 
C(23)-C(24 ) 1.404(6) C(64)-C(65) 1.416(5) 
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C(64)-C(67) 1.S09(6) C(73)-C(74) 1.379(6) 
C(6S)-C(71) 1.480(6) C(7 4 )-C(7 S) 1.379(6) 
N(7)-C(7S) 1.34S(S) C(1)-O(1) 1.211(6) 
N(7)-C(71) 1.386(S) C(1)-C(2) 1.482(7) 
C(71 )-C(72) 1.389(6) C(1)-C(3) 1.496(7) 
C(72)-C(73) 1.382(6) 
C(6)-Ir(1)-N(2) 17S.76(14) F(6)-P(1 )-F(S) 178.0(2) 
C(6)-Ir(1)-N(S) 80.03(1S) F( 4)-P(1 )-F(S) 88.73(19) 
N(2)-Ir(1)-N(S) 100.16(13) F(1 )-P( 1 )-F(3) 178.3(3) 
C( 6)-Ir(1 )-N (1 ) 10S.42(14) F(2)-P(1 )-F(3) 91.S(3) 
N(2)-Ir(1 )-N(1) 78.82(13) F(6)-P(1 )-F(3) 91.08(18) 
N(S)-Ir(1 )-N(1) 90.S8(13) F( 4)-P(1 )-F(3) 87.4(2) 
C( 6)-Ir( 1 )-N (7) 80.4S(1S) F(S)-P(l )-F(3) 89.84(18) 
N(2)-Ir(1)-N(7) 99.S3(13) F(9)-P(2)-F(11 ) 91.1(2) 
N(S)-Ir(1)-N(7) 160.2S(13) F(9)-P(2)-F(10) 90.75(18) 
N(1)-Ir(1)-N(7) 91.74(13) F(ll )-P(2)-F(1 0) 90.23(16) 
C(6)-Ir(1 )-N(3) 96.39(14) F(9)-P(2)-F(8) 90.28(18) 
N(2)-Ir(1)-N(3) 79.37(13) F(ll )-P(2)-F(8) 90.79(17) 
N(S)-Ir(1)-N(3) 93.68(13) F(10)-P(2)-F(8) 178.S3(18) 
N( 1 )-Ir(1 )-N(3) lS8.l9(13) F(9)-P(2)-F(12) 89.2S(18) 
N(7)-Ir(1 )-N(3) 91.43(12) F(11 )-P(2)-F(12) 179.S(2) 
F(1 )-P(1 )-F(2) 90.l(3) F(10)-P(2)-F(12) 90.16(lS) 
F(l )-P(1 )-F(6) 89.S(2) F(8)-P(2)-F(12) 88.81 (1S) 
F(2)-P(1)-F(6) 90.9(2) F(9)-P(2)-F(7) 177.6(2) 
F(l )-P(1 )-F( 4) 91.0(2) F(ll )-P(2)-F(7) 91.3(2) 
F(2)-P(1 )-F( 4) 178.8(3) F(l0)-P(2)-F(7) 88.90(17) 
F(6)-P(1 )-F( 4) 89.6(2) F(8)-P(2)-F(7) 90.02(17) 
F(l )-P(l )-F(S) 89.S(2) F(l2)-P(2)-F(7) 88.34( 18) 
F(2)-P(1 )-F(S) 90.8(2) C(11)-N(l)-C(1S) 118.6( 4) 
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C(11 )-N(1 )-Ir(1) 126.8(3) C(3S)-C(34)-C(33) 119.1(4) 
C(1S)-N(1 )-Ir(1) 114.6(3) N (3)-C(3 S)-C(34) 122.8(4) 
N(1)-C(11)-C(12) 122.S( 4) C( 41 )-C( 40)-C( 4S ) 119.0(4) 
C(11)-C(12)-C(13) 119.2(4) C( 41 )-C( 40)-C(23) 121.3(4) 
C(12)-C(13)-C(14) 119.1(4) C( 4S)-C( 40)-C(23) 119.7(4) 
C(1S)-C(14)-C(13) 119.S(4) C( 40)-C( 41 )-C( 42) 120.2(4) 
N (1 )-C(1S)-C( 14) 120.9(4) C( 41 )-C( 42)-C( 43) 121.1(4) 
N(1 )-C(1S)-C(21) 116.0(4) C( 44)-C( 43)-C( 42) 117.6(4) 
C(14)-C(lS)-C(21) 123.1(4) C( 44 )-C( 43 )-C( 46) 120.6(4) 
C(2S)-N(2)-C(21 ) 123.4(4) C( 42)-C( 43)-C( 46) 121.8(4) 
C(2S)-N(2)-Ir(1 ) 118.0(3) C( 4S)-C( 44)-C( 43) 122.0( 4) 
C(21 )-N(2)-Ir(1) 118.S(3) C( 44)-C( 4S)-C( 40) 120.1(4) 
N(2)-C(21 )-C(22) 119.1(4) C(Sl )-N(S)-C(SS) 120.4(4) 
N(2)-C(21 )-C(1S) 112.0(3) C(Sl )-N(S)-Ir(l) 124.S(3) 
C(22)-C(21 )-C( IS) 128.9(4) C(SS)-N(S)-Ir(l ) 11S.0(3) 
C(21 )-C(22)-C(23) 119.2(4) N(S)-C(Sl )-C(S2) 122.1(4) 
C(22 )-C(23 )-C(24) 119.7(4) C(S3)-C(S2)-C(Sl ) 119.1(4) 
C(22)-C(23)-C( 40) 121.3( 4) C(S2)-C(S3)-C(S4) 119.2(4) 
C(24)-C(23)-C( 40) 119.0(4) C(S3)-C(S4)-C(SS) 121.4( 4) 
C(2S)-C(24 )-C(23) 118.7(4) N(S)-C(SS)-C(S4) 117.8(4) 
N(2)-C(2S)-C(24) 119.8(4) N(S)-C(SS)-C(61 ) 114.1(3) 
N(2)-C(2S)-C(31 ) 112.8(3) C(S4)-C(SS)-C(61 ) 128.0(4) 
C(24 )-C(2S)-C(31) 127.S(4) C(6S)-C(6)-C(61) 123.4(4) 
C(3S)-N(3)-C(31) 118.7(3) C(6S)-C(6)-Ir(l ) 118.0(3) 
C(3S)-N(3)-Ir(1 ) 127.S(3) C(61 )-C(6)-Ir(l) 118.1(3) 
C(31 )-N(3)-Ir(l) 113.7(3) C(62)-C(61 )-C(6) 118.1(4) 
N(3)-C(31 )-C(32) 120.7(4) C(62)-C(61)-C(SS) 129.8(4) 
N(3)-C(31)-C(2S) 116.0(3) C( 6)-C( 61 )-C( S S) 112.2(3) 
C(32)-C(31 )-C(2S) 123.3(4) C(63)-C(62)-C(61 ) 117.6(4) 
C(31)-C(32)-C(33) 119.1(4) C(63)-C(62)-C(66) 118.4(4) 
C(34)-C(33)-C(32) 119.4(4) C( 61 )-C( 62)-C( 66) 124.0(4) 
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C(64)-C(63)-C(62) 125.4(4) N(7)-C(71 )-C(72) 118.7(4) 
C(63)-C(64)-C(65) 116.7(4) N (7)-C(71 )-C( 65) 114.0(3) 
C(63)-C(64)-C(67) 118.7(4) C(72)-C(71 )-C( 65) 127.2(4) 
C( 65)-C( 64 )-C( 67) 124.6(4) C(73)-C(72)-C(71 ) 120.3(4) 
C(6)-C(65)-C(64) 118.8(4) C(7 4 )-C(73 )-C(72) 120.5(4) 
C( 6)-C( 65)-C(71) 112.6(3) C(73 )-C(7 4 )-C(7 5) 117.8( 4) 
C( 64 )-C( 65)-C(71) 128.5(4) N (7)-C(7 5)-C(7 4) 122.8(4) 
C(7 5)-N (7)-C(71) 119.8(3) 0(1 )-C(1 )-C(2) 120.5(5) 
C(75)-N(7)-Ir(1 ) 125.6(3) O( 1 )-C( 1 )-C(3) 122.0(5) 
C(71)-N(7)-Ir(1) 114.6(3) C(2)-C(1 )-C(3) 117.5(5) 
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Table A4. Anisotropic displacement parameters (A2 x 103) for 
[Ir(dpydmb)(ttpy)]2+.2(PF6). The anisotropic displacement factor exponent takes 
the form: _21t2 [h2 a*2Ull + ... + 2 h k a* b* Ul2]. 
UII U22 U33 U23 Ul3 Ul2 
Ir(l) 16(1) 17(1) 14(1) 0(1) 0(1) -1(1 ) 
P(1) 30(1) 26(1) 39(1) 3(1) 4(1) -1 (1) 
F(1) 55(2) 73(3) 147(4) 48(3) -60(3) -17(2) 
F(2) 124(4) 62(3) 127(4) 3(2) 88(3) 23(3) 
F(3) 79(2) 60(2) 35(2) 5(2) -23(2) -17(2) 
F(4) 62(2) 67(2) 46(2) -14(2) 12(2) 2(2) 
F(5) 44(2) 36(2) 93(3) 23(2) 3(2) -3(1) 
F(6) 61(2) 42(2) 69(2) 19(2) -5(2) -14(2) 
P(2) 28(1) 25(1) 25(1) 4(1) 5(1) 5(1) 
F(7) 57(2) 41(2) 80(3) -17(2) 21(2) -22(2) 
F(8) 35(2) 51(2) 46(2) 2(1) 12(1) 16(1) 
F(9) 57(2) 72(2) 43(2) -25(2) -6(2) -16(2) 
F(10) 40(2) 51(2) 34(2) 11(1) 16(1) 18(1) 
F(11) 68(2) 85(3) 61(2) 50(2) 24(2) 45(2) 
F(12) 38(2) 45(2) 30(2) 13(1) 1(1) 1(1) 
N(1) 17(2) 23(2) 19(2) -1(1) -1(1) -2(1) 
C(11) 21(2) 26(2) 22(2) -3(2) 2(2) -2(2) 
C(12) 24(2) 22(2) 31(2) -2(2) 5(2) 2(2) 
C(13) 22(2) 28(2) 33(2) 6(2) -2(2) 4(2) 
C(14) 26(2) 26(2) 18(2) 3(2) 0(2) -1(2) 
C(15) 17(2) 26(2) 20(2) 0(2) 0(2) -7(2) 
N(2) 17(2) 20(2) 19(2) 2(1) 0(1) -3(1 ) 
C(21) 16(2) 24(2) 19(2) 1(2) 0(2) -3 (2) 
C(22) 20(2) 25(2) 17(2) 1(2) -2(2) -1(2) 
C(23) 23(2) 24(2) 18(2) -4(2) 0(2) -2(2) 
C(24) 23(2) 24(2) 22(2) -2(2) 0(2) 0(2) 
C(25) 17(2) 21(2) 19(2) 1(2) 0(2) -2(2) 
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N(3) 16(2) 21(2) 19(2) 2(1) 
-1 (1) 
-1(1 ) 
C(31) 20(2) 21(2) 18(2) 
-1(2) 3(2) 
-4(2) 
C(32) 27(2) 23(2) 22(2) 
-1(2) 2(2) 2(2) 
C(33) 25(2) 17(2) 31(2) 3(2) -1(2) 3(2) 
C(34) 23(2) 25(2) 22(2) 7(2) -5(2) 1(2) 
C(35) 26(2) 24(2) 16(2) -1(2) 0(2) -5(2) 
C(40) 19(2) 35(2) 17(2) -3(2) -1(2) 3(2) 
C(41) 25(2) 32(3) 24(2) 0(2) 2(2) 5(2) 
C(42) 28(2) 36(3) 20(2) 6(2) 2(2) 5(2) 
C(43) 22(2) 42(3) 19(2) -4(2) 0(2) 9(2) 
C(44) 30(2) 33(3) 23(2) -8(2) -2(2) 3(2) 
C(45) 29(2) 34(3) 22(2) 3(2) 1(2) 0(2) 
C(46) 31(2) 50(3) 21(2) -7(2) 3(2) 7(2) 
N(5) 19(2) 20(2) 21(2) -2(1) -1(1) -1 (1) 
C(51) 29(2) 26(2) 29(2) -4(2) -2(2) -1(2) 
C(52) 24(2) 32(2) 40(3) -4(2) -7(2) -9(2) 
C(53) 29(2) 38(3) 38(3) 2(2) 12(2) -9(2) 
C(54) 27(2) 31(2) 31(2) 0(2) 7(2) -4(2) 
C(55) 24(2) 19(2) 21(2) 1(2) 3(2) 2(2) 
C(6) 21(2) 16(2) 16(2) 5(2) -1(2) 5(2) 
C(61) 23(2) 18(2) 18(2) 1(2) 4(2) 4(2) 
C(62) 27(2) 19(2) 20(2) 6(2) 5(2) 8(2) 
C(63) 31(2) 25(2) 15(2) -1(2) 0(2) 11(2) 
C(64) 29(2) 19(2) 20(2) -2(2) -4(2) 6(2) 
C(65) 22(2) 14(2) 21(2) 1(2) -4(2) 4(2) 
C(66) 33(2) 32(2) 22(2) 8(2) 7(2) 5(2) 
C(67) 37(3) 34(3) 22(2) -4(2) -3(2) 0(2) 
N(7) 17(2) 18(2) 21(2) 2(1) 1(1 ) 1 (1) 
C(71) 21(2) 19(2) 21(2) 0(2) -4(2) 7(2) 
C(72) 23(2) 24(2) 29(2) 2(2) -7(2) 0(2) 
C(73) 20(2) 30(2) 36(3) 2(2) -3(2) -6(2) 
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C(74) 23(2) 31(2) 30(2) 6(2) 4(2) -3(2) 
C(75) 19(2) 25(2) 22(2) 3(2) 2(2) 3(2) 
C(l) 30(2) 44(3) 25(2) 7(2) 9(2) 1(2) 
C(2) 58(4) 59(4) 46(3) 0(3) -11 (3) 16(3) 
C(3) 51(4) 46(3) 68(4) -8(3) 21(3) 6(3) 
0(1) 51(2) 63(3) 36(2) 10(2) -1(2) 16(2) 
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Table AS. Torsion angles [0] for [Ir(dpydmb)(ttpy)]2+.2(PF6-). 
C( 6)-Ir(1)-N (1 )-C( 11) -0.4(4) N(3)-Ir(1 )-N(2)-C(21) 179.6(3) 
N(2)-Ir(1 )-N(1 )-C(11) 179.6(4) C(25)-N(2)-C(21 )-C(22) -0.2(6) 
N(5)-Ir(1)-N(1)-C(11) -80.2(3) Ir( 1)-N (2)-C(21 )-C(22) -179.1(3) 
N(7)-Ir(1 )-N(1 )-C(11) 80.2(3) C(25)-N (2)-C(21 )-C( 15) -179.4(3) 
N(3)-Ir(1)-N(1)-C(11) 178.4(3) Ir(1 )-N(2)-C(21 )-C(15) 1.8(4) 
C(6)-Ir(1 )-N(l )-C(15) 178.0(3) N(1)-C(15)-C(21)-N(2) -3.5(5) 
N(2)-Ir(1 )-N(1 )-C(15) -2.1 (3) C(14 )-C(15)-C(21)-N (2) 176.1(4) 
N(5)-Ir(1 )-N(1 )-C(15) 98.2(3) N(1 )-C(15)-C(21 )-C(22) 177.5(4) 
N(7)-Ir(1 )-N(1 )-C(15) -101.4(3) C(14)-C(15)-C(21 )-C(22) -2.9(7) 
N(3)-Ir(1 )-N(1 )-C(15) -3.2(5) N(2)-C(21 )-C(22)-C(23) -0.4(6) 
C(15)-N(1)-C(11)-C(12) -1.1(6) C(15)-C(21 )-C(22)-C(23) 178.6(4) 
Ir(1)-N(1)-C(11)-C(12) 177.2(3) C(21 )-C(22)-C(23)-C(24) 0.2(6) 
N(1)-C(11)-C(12)-C(13) -0.8(6) C(21 )-C(22)-C(23)-C( 40) -177.9(4) 
C(11)-C(12)-C(13)-C(14) 1.2(6) C(22)-C(23 )-C(24 )-C(25) 0.6(6) 
C(12)-C(13)-C(14 )-C(15) 0.3(6) C( 40)-C(23 )-C(24 )-C(25) 178.7(4) 
C(11 )-N(1 )-C(15)-C(14) 2.6(6) C(21 )-N(2)-C(25)-C(24) 1.0(6) 
Ir(1)-N (1 )-C(15)-C(14) -176.0(3) Ir( 1 )-N (2 )-C(25)-C(24) 179.9(3) 
C(11)-N (1 )-C(15)-C(21 ) -177.8(3) C(21 )-N (2 )-C(2 5)-C(31 ) -178.5(3) 
Ir(1 )-N(1 )-C(15)-C(21) 3.6(4) Ir(l )-N(2)-C(25)-C(31) 0.4(4) 
C(13)-C(14)-C(15)-N(1 ) -2.2(6) C(23 )-C(24 )-C(25)-N (2) -1.2(6) 
C(13)-C(14)-C(15)-C(21 ) 178.3(4) C(23)-C(24 )-C(25)-C(31) 178.3(4) 
C( 6)-Ir( 1)-N (2)-C(25) 0(2) C(6)-Ir(1 )-N(3)-C(35) 0.4(3) 
N (5)-Ir( 1)-N (2)-C(25) 92.6(3) N(2)-Ir(1)-N(3)-C(35) -179.6(3) 
N(1 )-Ir(1 )-N(2)-C(25) -178.9(3) N(5)-Ir(1 )-N(3)-C(35) 80.8(3) 
N(7)-Ir(1 )-N(2)-C(25) -89.0(3) N(l )-Ir(l )-N(3)-C(35) -178.4(3) 
N(3)-Ir(1 )-N(2)-C(25) 0.7(3) N(7)-Ir(1 )-N(3)-C(35) -80.1 (3) 
C(6)-Ir(1 )-N(2)-C(21) 179(100) C(6)-Ir(1 )-N(3)-C(31) 178.3(3) 
N(5)-Ir(1 )-N(2)-C(21) -88.5(3) N(2)-Ir(1 )-N(3)-C(31) -1.7(3) 
N(l )-Ir(l )-N(2)-C(21) 0.1 (3) N(5)-Ir(1 )-N(3)-C(31) -101.4(3) 
N(7)-Ir(1 )-N(2)-C(21) 90.0(3) N(1 )-Ir(l )-N(3)-C(31) -0.5(5) 
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N(7)-Ir(1 )-N(3)-C(31) 97.7(3) N(2)-Ir(1 )-N(S)-C(SI) 11.6( 4) 
C(3S)-N(3)-C(31 )-C(32) 1.4(6) N(l )-Ir(l )-N(S)-C(SI ) 
-67.1(3) 
Ir(1 )-N(3)-C(31 )-C(32) 
-176.7(3) N(7)-Ir(1 )-N(S)-C(SI ) 
-163.9(4) 
C(3S)-N(3)-C(31)-C(2S) -179.S(3) N(3)-Ir(l )-N(S)-C(SI ) 91.S(3) 
Ir(1 )-N(3)-C(31 )-C(2S) 2.4(4) C( 6)-Ir( 1)-N (S)-C( S S) 4.7(3) 
N(2)-C(2S)-C(31 )-N(3) -1.9(S) N(2)-Ir(l )-N(S)-C(SS) 
-171.0(3) 
C(24)-C(2S)-C(31 )-N(3) 178.7(4) N(l )-Ir(l )-N(S)-C(SS) 110.3(3) 
N(2)-C(2S)-C(31 )-C(32) 177.2(4) N (7)-Ir( 1)-N (S)-C( S S) 13.S(6) 
C(24)-C(2S)-C(31 )-C(32) 
-2.3(6) N(3)-Ir(1 )-N(S)-C(SS) -91.1(3) 
N(3)-C(31 )-C(32)-C(33) 1.4(6) C(SS)-N(S)-C(SI )-C(S2) 0.4(7) 
C(2S)-C(31)-C(32)-C(33) -177.6(4) Ir(l )-N(S)-C(SI )-C(S2) 177.6(3) 
C(31 )-C(32)-C(33)-C(34) -3.1(6) N(S)-C(SI )-C(S2)-C(S3) 0.6(7) 
C(32)-C(3 3 )-C(34 )-C(3 S) 1.9(6) C(SI )-C(S2)-C(S3)-C(S4) -0.8(7) 
C(31 )-N(3)-C(3S)-C(34) -2.6(6) C(S2)-C(S3)-C(S4)-C(SS) -0.1 (7) 
Ir(l)-N(3)-C(3S)-C(34) 17S.1(3) C(SI )-N(S)-C(SS)-C(S4) -1.2(6) 
C(33)-C(34)-C(3S)-N(3) 1.0(6) Ir(1 )-N(S)-C(SS)-C(S4) -178.7(3) 
C(22)-C(23)-C( 40)-C( 41) -43.0(6) C(SI )-N(S)-C(SS)-C(61) 17S.8(4) 
C(24 )-C(23)-C( 40)-C( 41) 138.9(4) Ir( 1)-N (S)-C( S S)-C( 61) -1.7(4) 
C(22)-C(23)-C( 40)-C( 4S) 137.3(4) C(S3)-C(S4)-C(SS)-N(S) 1.0(7) 
C(24)-C(23)-C( 40)-C( 4S) -40.8(6) C( S 3 )-C( S4 )-C( S S)-C( 61) -17S.4( 4) 
C( 4S)-C( 40)-C( 41 )-C( 42) 0.7(6) N(2)-Ir(l )-C(6)-C(6S) -86(2) 
C(23)-C( 40)-C( 41 )-C( 42) -178.9(4) N(S)-Ir(1 )-C(6)-C(6S) -179.3(3) 
C( 40)-C( 41 )-C( 42)-C( 43) -0.6(7) N (1)-Ir( 1 )-C( 6)-C( 6S) 92.9(3) 
C( 41 )-C( 42)-C( 43)-C( 44) -0.1(6) N (7)-Ir( 1 )-C( 6)-C( 6S) 3.7(3) 
C( 41 )-C( 42)-C( 43)-C( 46) 178.7(4) N(3)-Ir(l )-C(6)-C(6S) -86.7(3) 
C( 42)-C( 43)-C( 44)-C( 4S) 0.S(7) N(2)-Ir(l )-C(6)-C(61) 86(2) 
C( 46)-C( 43)-C( 44)-C( 4S) -178.3(4) N (S)-Ir( 1 )-C( 6)-C( 61 ) -7.1(3) 
C(43)-C( 44)-C( 4S)-C( 40) -0.4(7) N(l )-Ir(1 )-C(6)-C(61 ) -94.9(3) 
C( 41 )-C( 40)-C( 4S)-C( 44) -0.3(6) N (7)-Ir( 1 )-C( 6)-C( 61) 17S.9(3) 
C(23)-C( 40)-C( 4S)-C( 44) 179.4(4) N(3)-Ir(l )-C(6)-C(61) 8S.6(3) 
C(6)-Ir(1 )-N(S)-C(SI) -172.7(4) C( 6S)-C( 6)-C( 61 )-C( 62) 0.9(6) 
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Ir(l )-C(6)-C(61 )-C(62) 
C(6S)-C(6)-C(61 )-C(SS) 
Ir( 1 )-C( 6)-C( 61 )-C( S S) 
N(S)-C(SS)-C(61 )-C(62) 
C( S4 )-C( S S)-C( 61 )-C( 62) 
N(S)-C(SS)-C(61 )-C(6) 
C(S4)-C(SS)-C(61 )-C(6) 
C( 6)-C( 61 )-C( 62)-C( 63) 
C(SS)-C(61 )-C(62)-C(63) 
C( 6)-C( 61 )-C( 62)-C( 66) 
C( S S)-C( 61 )-C( 62)-C( 66) 
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Ir( 1 )-C( 6)-C( 65)-C( 64) 171.8(3) N(3)-Ir(1 )-N(7)-C(71) 96.4(3) 
C(61 )-C(6)-C(65)-C(71) 
-178.4(4) C(7 5)-N (7)-C(71 )-C(72) 
-0.9(5) 
Ir( 1 )-C( 6)-C( 65)-C(71) 
-6.6(4) Ir( 1)-N (7)-C(71 )-C(72) 176.8(3) 
C(63)-C(64)-C(65)-C(6) 
-0.3(5) C(75)-N(7)-C(71)-C(65) 178.7(3) 
C(67)-C(64)-C(65)-C(6) 179.5(4) Ir(1 )-N(7)-C(71 )-C(65) 
-3.6(4) 
C( 63 )-C( 64 )-C( 65)-C(71) 177.8(4) C(6)-C(65)-C(71 )-N(7) 6.4(5) 
C( 67)-C( 64 )-C( 65)-C(71) 
-2.4(7) C(64)-C(65)-C(71 )-N(7) 
-171.8( 4) 
C( 6)-Ir( 1)-N (7)-C(7 5) 177.7(3) C( 6)-C( 65)-C(71 )-C(72) 
-174.0(4) 
N (2)-Ir( 1)-N (7)-C(7 5) 
-6.6(3) C( 64 )-C( 65)-C(71 )-C(72) 7.8(7) 
N(5)-Ir(1 )-N(7)-C(75) 168.9(4) N (7)-C(71 )-C(72)-C(73) 1.4(6) 
N(1 )-Ir(1 )-N(7)-C(75) 72.3(3) C( 65)-C(71 )-C(72)-C(73) -178.1(4) 
N(3)-Ir(1)-N(7)-C(75) 
-86.1 (3) C(71)-C(72)-C(73)-C(74) -1.0(6) 
C( 6)-Ir( 1)-N (7)-C(71) 0.l(3) C(72)-C(73 )-C(7 4 )-C(7 5) 0.0(6) 
N(2)-Ir( 1 )-N(7)-C(71) 175.8(3) C(71)-N (7)-C(7 5)-C(7 4) 0.0(6) 
N(5)-Ir(1 )-N(7)-C(71) -8.6(5) Ir( 1)-N (7)-C(7 5)-C(7 4) -177.4(3) 
N (1)-Ir(1)-N (7)-C(71) -105.2(3) C(73)-C(74)-C(75)-N(7) 0.5(6) 
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Crystallographic data for Ir(dpydmb)(DMSO)CI2 
01 
Structure of Ir( dpydmb )(DMSO)Ch crystallised from DMSO; 120 K, thermal 
ellipsoids shown at 30% probability. 
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Table A6. Crystal data and structure refinement for Ir(dpydmb)(DMSO)Ch. 
Empirical formula 
















Completeness to theta = 27.50° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F2 
Final R indices [I>2sigma(I)] 
R indices (all data) 







a = 14.379(11) A 
b = 8.779(7) A 






~ = 97.811(7)° 
'Y = 90° 
0.18 x 0.12 x 0.08 mm3 
1.79 to 27.50° 
-18 < h < 18, -11 <.S. k < 11, -20 <.S. I <.S. 20 
21 215 
4559 [R(int) = 0.0377] 
99.80/0 
Semi-empirical from equivalents 
1.000 and 0.729 
Full-matrix least-squares on p2 
4559/0/244 
1.085 
Rl = 0.0237, wR2 = 0.0480 
Rl = 0.0309, wR2 = 0.0496 
1.031 and -0.719 e.A-3 
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Table A 7. Atomic coordinates (x 104) and equivalent isotropic displacement 
parameters (A2 x 103) for Ir(dpy~mb)(DMSO)Ch. U(eq) is defined as one third of 
the trace of the orthogonalized U'J tensor. 
x y z U(eq) 
Ir(l) 2502(1) 7967(1) 10363(1) 14(1) 
S(I) 1806(1) 8436(1) 11655(1) 19(1) 
0(1) 1263(2) 7184(3) 11993(2) 31(1) 
N(1) 1990(2) 5807(3) 10061(2) 19(1) 
CI(I) 1147(1) 8920(1) 9535(1) 22(1) 
Cl(2) 3812(1) 6860(1) 11217(1) 19(1) 
N(3) 3196(2) 10034(3) 10264(2) 15(1) 
C(11) 1345(2) 5077(4) 10455(2) 22(1) 
C(12) 986(3) 3658( 4) 10179(3) 28(1) 
C(13) 1299(3) 2987(5) 9485(3) 31(1) 
C(14) 1953(3) 3752(4) 9079(3) 27(1) 
C(15) 2297(2) 5170(4) 9359(2) 20(1) 
C(20) 3094(2) 7572(4) 9333(2) 15(1) 
C(21) 2952(2) 6134( 4) 8955(2) 18(1) 
C(22) 3417(2) 5818(4) 8243(2) 21(1) 
C(23) 3940(2) 6998(4) 7945(2) 22(1) 
C(24) 4048(2) 8455(4) 8300(2) 20(1) 
C(25) 3631(2) 8734(4) 9039(2) 17(1) 
C(31) 3229(2) 11233(4) 10795(2) 20(1) 
C(32) 3738(3) 12542(4) 10703(2) 22(1 ) 
C(33) 4256(3) 12620(4) 10029(2) 21(1) 
C(34) 4225(2) 11407(4) 9472(2) 21(1 ) 
C(35) 3694(2) 101 08(4) 9580(2) 15(1) 
C(100) 2657(3) 8986(5) 12524(2) 26(1) 
C(101) 1047(3) 10048(5) 11574(3) 27(1) 
C(221) 3398(3) 4314(5) 7780(3) 29(1) 
C(241) 4578(3) 9629(5) 7850(2) 26(1) 
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Table A8. Bond lengths [A] and angles [0] for Ir(dpydmb)(DMSO)Ch. 
Ir(1 )-C(20) 1.976(4) C(13 )-C(14) 1.385(6) 
Ir(1)-N(l) 2.067(3) C(14 )-C(l5) 1.391(5) 
Ir(1)-N(3) 2.087(3) C(15)-C(21 ) 1.475(5) 
Ir( 1 )-CI( 1) 2.3518(15) C(20)-C(25) 1.397(5) 
Ir( 1 )-CI(2) 2.3735(14) C(20)-C(21 ) 1.401(5) 
Ir(l )-S(l) 2.4379(18) C(21 )-C(22) 1.419(5) 
S(1)-O(1) 1.489(3) C(22)-C(23) 1.401(5) 
S( I)-C(l 01) 1.782(4) C(22)-C(221 ) 1.510(5) 
S(1 )-C(l 00) 1.783(4) C(23)-C(24) 1.397(5) 
N(1)-C(11) 1.349(5) C(24)-C(25) 1.411(5) 
N(1)-C(15) 1.373(5) C(24 )-C(241) 1.518(5) 
N(3)-C(31) 1.346(5) C(25)-C(35) 1.476(5) 
N(3)-C(35) 1.383(4) C(31 )-C(32) 1.381 (5) 
C(11)-C(12) 1.396(5) C(32)-C(33) 1.386(5) 
C(12)-C(13) 1.378(6) C(33)-C(34) 1.381(5) 
C(34)-C(35) 1.396(5) 
C(20)-Ir(1 )-N(1) 80.00(13) Cl(l)-Ir( 1 )-S(l) 90.40(6) 
C(20)-Ir(1 )-N(3) 79.99(13) Cl(2)-Ir(1 )-S(1) 88.44(6) 
N(1 )-Ir(1 )-N(3) 159.89(12) 0(1 )-S(1 )-C(1 0 1) 105.43(18) 
C(20)-Ir(l )-Cl(1) 90.94(11) 0(1 )-S(1 )-C(1 00) 105.02(19) 
N(1 )-Ir(1 )-Cl(1) 87.36(9) C(l 0 1 )-S(l )-C(l 00) 100.9(2) 
N(3)-Ir(1 )-Cl(1) 90.95(9) 0(1 )-S(1 )-Ir(1) 118.31(12) 
C(20)-Ir( 1 )-Cl(2) 90.24(11) C(1 0 1 )-S(1 )-Ir(1) 113.03(14) 
N(1 )-Ir(1 )-Cl(2) 89.29(9) C(1 OO)-S(l )-Ir(l) 112.35(14) 
N(3)-Ir(1 )-Cl(2) 92.80(9) C(11)-N (1 )-C(15) 120.0(3) 
Cl(1 )-Ir(1 )-Cl(2) 176.20(3) C(11 )-N(1 )-Ir(1) 125.0(3) 
C(20)-Ir(1 )-S(1) 178.66(10) C(15)-N(1 )-Ir(1) 114.7(2) 
N(1 )-Ir(1 )-S(1) 100.15(9) C(31 )-N(3)-C(35) 118.6(3) 
N(3)-Ir(1 )-S(1) 99.89(8) C(31 )-N(3)-Ir(1) 127.5(2) 
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Table A9. Anisotropic displacement parameters (A2 x 103) for 
Ir( dpydmb )(DMSO)Ch. The anisotropic displacement factor exponent takes the 
form: _21t2 [h2 a*2Ull + ... + 2 h k a* h* U l2]. 
Ull U22 U33 U23 Ul3 U12 
Ir(1) 14(1) 12(1) 16(1) 0(1) 1(1) -2(1) 
S(1) 19(1) 17(1) 22(1) 1(1) 6(1) -2(1) 
0(1) 37(2) 24(2) 36(2) 0(1) 19(1) -9(1) 
N(1) 17(1) 15(2) 23(2) 3(1) -3(1) -2(1) 
Cl(l) 19(1) 19(1) 26(1) 2(1) -3(1) 0(1) 
Cl(2) 16(1) 20(1) 20(1) 3(1) 0(1) -1(1) 
N(3) 16(1) 13(1) 16(2) 2(1) 1(1) -1 (1) 
C(1l) 18(2) 22(2) 26(2) 4(2) -1(2) -2(2) 
C(12) 28(2) 21(2) 31(2) 10(2) -5(2) -5(2) 
C(13) 36(2) 16(2) 37(2) 0(2) -9(2) -6(2) 
C(14) 37(2) 15(2) 27(2) -2(2) -4(2) -2(2) 
C(15) 23(2) 16(2) 19(2) -2(1) -6(1) 2(1) 
C(20) 14(2) 19(2) 12(2) 1(1) -3(1) 4(1) 
C(21) 20(2) 18(2) 15(2) 0(1) -6(1) -1(1) 
C(22) 23(2) 20(2) 18(2) -4(2) -4(2) 8(2) 
C(23) 19(2) 29(2) 16(2) -3(2) -1 (1) 7(2) 
C(24) 15(2) 25(2) 18(2) 3(2) -1(1) 3(1) 
C(25) 12(2) 20(2) 17(2) 0(1) -1(1) 1(1) 
C(31) 23(2) 20(2) 16(2) 1(2) 5(1) -2(2) 
C(32) 25(2) 17(2) 23(2) -3(2) 3(2) -3(1) 
C(33) 20(2) 16(2) 25(2) 3(2) 1(2) -4(1) 
C(34) 20(2) 21(2) 23(2) 2(2) 5(2) -2(2) 
C(35) 13(2) 17(2) 15(2) 2(1) -3(1) 1(1 ) 
C(100) 29(2) 29(2) 19(2) 0(2) 4(2) -2(2) 
C(10I) 22(2) 29(2) 32(2) -3(2) 5(2) 2(2) 
C(22I) 36(2) 25(2) 25(2) -10(2) -1 (2) -1(2) 
C(241) 26(2) 33(2) 20(2) -2(2) 10(2) 0(2) 
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Structure of the F 4dppy ligand crystallised from dichloromethane; 120 K, thermal 
ellipsoids shown at 30%) probability. 
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Reflections with I>2cr(I) 
Completeness to theta = 30.03° 
Absorption correction 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F2 
Final R indices [I>2cr(I)] 
R indices (all data) 






a = 27.555(2) A 
b = 3.7494(3) A 




0.l30 mm- I 
1232 
~ = 105.20(lt 
Y = 90° 
0.50 x 0.l2 x 0.04 mm3 
2.49 to 30.03° 
-38 < h < 38 -5 < k < 5 -37 < 1< 37 
- - ,- -, --
16340 




Full-matrix least-squares on F2 
3848/2/397 
0.966 
R1 = 0.0331, wR2 = 0.0725 
R1 = 0.0400, wR2 = 0.0744 
0.267 and -0.242 e.A-3 
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Table All. Atomic coordinates and equivalent isotropic displacement parameters 
(A2 x 103) for the . .F4dppyH2 ligand. U(eq) is defined as one third of the trace of the 
orthogonalized UIJ tensor. 
x x105 y x104 Z x105 U(eq) 
F(1) 3779(4) 942(3) 48828(4) 283(3) 
F(2) 20871(4) 2151(4) 57143(5) 317(3) 
F(3) -3433(4) 2253(4) 20273(5) 303(3) 
F(4) 9177(5) 4518(4) 11828(5) 355(3) 
N(1) 6045(6) 4237(4) 34674(6) 177(3) 
C(2) 4777(7) 4361(5) 39264(7) 179(4) 
C(3) -110(7) 5178(5) 39540(8) 220(4) 
C(4) -3712(7) 5915(5) 34944(8) 233(4) 
C(5) -2454(7) 5818(5) 30193(8) 219(4) 
C(6) 2490(7) 4944(5) 30209(7) 181(4) 
C(7) 8950(7) 3714(5) 44050(7) 179(4) 
C(8) 8378(7) 2125(5) 48623(8) 202(4) 
C(9) 12269(8) 1543(5) 53046(8) 209(4) 
C(10) 16969(7) 2682(5) 52841(7) 218(4) 
C(11) 17872(7) 4307(5) 48499(8) 214(4) 
C(12) 13854(7) 4794(5) 44123(8) 188(4) 
C(13) 4165(7) 4836(5) 25285(8) 181(4) 
C(14) 1219(7) 3552(5) 20518(8) 208(4) 
C(15) 2771(8) 3413(5) 15978(8) 237(4) 
C(16) 7531(8) 4649(5) 16249(8) 233(4) 
C(17) 10691 (7) 5983(5) 20802(8) 219(4) 
C(18) 8971(7) 6048(5) 25292(8) 192(4) 
F(5) 21552(4) 555(3) 19698(5) 282(3) 
F(6) 34391(5) 5494(4) 13343(5) 331(3) 
F(7) 29015(4) 1377(4) 50178(5) 
316(3) 
F(8) 45047(5) -3454(4) 56590(5) 
368(3) 
N(2) 30400(5) 987(4) 34924(6) 
166(3) 
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C(l9) 26851 (7) 1870(5) 30557(7) 161 (3) 
C(20) 21745(7) 1997(5) 30400(7) 191(4) 
C(21) 20293(7) 1149(5) 34900(8) 196(4) 
C(22) 23921(7) 185(5) 39386(8) 190( 4) 
C(23) 28978(7) 160(5) 39307(7) 162( 4) 
C(24) 28747(7) 2834(5) 25928(7) 164(4) 
C(25) 26112(7) 2177(5) 20738(8) 194(4) 
C(26) 27917(7) 3018(5) 16466(7) 220(4) 
C(27) 32560(8) 4592(5) 17496(8) 219(4) 
C(28) 35404(7) 5342(5) 22494(8) 208(4) 
C(29) 33466(7) 4438(5) 26659(7) 178( 4) 
C(30) 33115(7) 
-836(5) 43940(7) 170(4) 
C(31) 33060(7) 
-206(5) 49142(8) 207(4) 
C(32) 36958(8) -1038(6) 53444(8) 245( 4) 
C(33) 41140(8) -2592(5) 52449(8) 242(4) 
C(34) 41508(7) -3334(5) 47429(8) 230(4) 
C(35) 37510(7) -2429(5) 43244(8) 192(4) 
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Table A12. Bond lengths [A] and angles [0] for the F4dppyH2 ligand. 
F(1)-C(8) 1.357(2) F(5)-C(25) 1.358(2) 
F(2)-C(10) 1.356(2) F(6)-C(27) 1.361 (2) 
F(3)-C(14) 1.357(2) F(7)-C(31) 1.352(2) 
F(4)-C(16) 1.356(2) F(8)-C(33) 1.355(2) 
N(1)-C(2) 1.344(2) N(2)-C(19) 1.341 (2) 
N(1)-C(6) 1.344(2) N(2)-C(23) 1.348(2) 
C(2)-C(3) 1.401(3) C(19)-C(20) 1.397(2) 
C(2)-C(7) 1.486(3) C( 19)-C(24) 1.491(2) 
C(3)-C(4) 1.377(3) C(20)-C(21 ) 1.383(3) 
C(4)-C(5) 1.383(3) C(21 )-C(22) 1.380(3) 
C(5)-C(6) 1.400(2) C(22)-C(23) 1.399(2) 
C(6)-C(13) 1.486(3) C(23)-C(30) 1.482(3) 
C(7)-C(8) 1.389(3) C(24 )-C(25) 1.391(3) 
C(7)-C(12) 1.406(3) C(24)-C(29) 1.400(2) 
C(8)-C(9) 1.378(3) C(25)-C(26) 1.380(3) 
C(9)-C(10) 1.378(3) C(26)-C(27) 1.370(3) 
C(1 0)-C(11) 1.374(3) C(27)-C(28) 1.372(3) 
C(11 )-C(12) 1.385(3) C(28)-C(29) 1.382(3) 
C(13)-C(14) 1.390(3) C(30)-C(31) 1.394(3) 
C(13 )-C(18) 1.400(3) C(30)-C(35) 1.405(3) 
C(14)-C(15) 1.372(3) C(31)-C(32) 1.377(3) 
C( 15)-C( 16) 1.375(3) C(32)-C(33) 1.376(3) 
C( 16)-C( 1 7) 1.377(3) C(33)-C(34) 1.380(3) 
C(17)-C(18) 1.384(3) C(34)-C(35) 1.380(3) 
C(2)-N(1)-C(6) 118.52(15) C( 4)-C(3)-C(2) 118.66(19) 
N(1 )-C(2)-C(3) 122.28(17) C(3)-C( 4)-C(5) 119.70(18) 
N(1 )-C(2)-C(7) 115.52(15) C( 4 )-C( 5)-C( 6) 118.54(18) 
C(3)-C(2)-C(7) 122.16(17) N(1 )-C(6)-C(5) 122.30(1 8) 
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N(1)-C(6)-C(13) 115.80(16) C(21 )-C(20)-C( 19) 118.81(17) 
C(5)-C(6)-C(l3) 121.88(17) C(22)-C(21 )-C(20) 119.07(17) 
C(8)-C(7)-C( 12) 116.03(17) C(21 )-C(22)-C(23) 119.31(17) 
C(8)-C(7)-C(2) 124.50(16) N(2)-C(23)-C(22) 121.68(16) 
C(12)-C(7)-C(2) 119.46(16) N(2)-C(23)-C(30) 115.37(15) 
F(1 )-C(8)-C(9) 116.26(17) C(22)-C(23 )-C(3 0) 122.93(16) 
F(1 )-C(8)-C(7) 119.62(17) C(25)-C(24 )-C(29) 115.99(16) 
C(9)-C(8)-C(7) 124.08(18) C(25)-C(24)-C(19) 123.74(16) 
C(8)-C(9)-C(10) 116.67(18) C(29)-C(24)-C(19) 120.26(16) 
F(2)-C(1 0)-C(11) 118.85(18) F (5)-C(25)-C(26) 116.76(17) 
F(2)-C(10)-C(9) 117.98(17) F (5)-C(25)-C(24) 119.65(16) 
C(1l)-C(10)-C(9) 123.17(18) C(26)-C(25)-C(24 ) 123.58(17) 
C(1 0)-C(11 )-C(12) 118.07(18) C(27)-C(26)-C(25) 117.03(18) 
C(11 )-C(12)-C(7) 121.97(18) F (6)-C(2 7)-C(26) 118.14(18) 
C(14)-C(13)-C(18) 116.25(18) F(6)-C(27)-C(28) 118.70(17) 
C(14)-C(13)-C(6) 123.75(17) C(26)-C(27)-C(28) 123.16(18) 
C( 18)-C( 13 )-C( 6) 120.00(17) C(27)-C(28)-C(29) 117.91(17) 
F (3 )-C(14 )-C(15) 116.84(17) C(28)-C(29)-C(24 ) 122.33(17) 
F(3)-C( 14)-C(13) 119.22(17) C(31 )-C(30)-C(35) 115.60(17) 
C(15)-C(14 )-C( 13) 123.91(18) C(31 )-C(3 0 )-C(23) 124.15(17) 
C( 14 )-C( 15)-C( 16) 116.94(18) C(3 5)-C(3 0 )-C(23) 120.22(17) 
F( 4)-C(16)-C(15) 118.19(18) F(7)-C(31 )-C(32) 116.13(18) 
F( 4)-C(16)-C(17) 118.83(18) F(7)-C(31 )-C(30) 119.64(17) 
C( 15)-C( 16)-C( 1 7) 122.98(18) C(32)-C(31 )-C(30) 124.22(18) 
C( 16)-C( 17)-C( 18) 118.00(18) C(33)-C(32)-C(31) 116.81(19) 
C( 17)-C( 18)-C( 13) 121.92(18) F(8)-C(33)-C(32) 118.43(19) 
C(19)-N(2)-C(23) 118.70(15) F(8)-C(33)-C(34) 118.67(18) 
N(2)-C( 19)-C(20) 122.41(17) C(32)-C(33)-C(34) 122.89(19) 
N(2)-C(19)-C(24) 115.31 (16) C(3 3 )-C(34 )-C(3 5) 118.09(18) 
C(20)-C(19)-C(24) 122.25(16) C(34 )-C(3 5)-C(3 0) 122.37(18) 
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Table A13. Anisotropic displacement parameters (A2 x 104) for the F4dppyH2 
ligand. The anisotropic displacement factor exponent takes the form: _21[2[,,2 
a*2Ull + ... + 2 h k a* b* Ul2]. 
uti U22 U33 U23 Ut3 Ut2 
F(1) 237(6) 366(7) 269(7) 49(5) 107(5) -35(5) 
F(2) 294(7) 387(7) 217(6) 40(5) -29(5) 35(6) 
F(3) 203(6) 406(7) 278(6) -52(6) 24(5) -112(5) 
F(4) 423(8) 443(8) 232(7) 0(6) 147(6) -43(6) 
N(1) 183(8) 173(8) 170(8) 12(6) 39(6) 0(6) 
C(2) 193(9) 152(8) 185(9) -5(7) 37(7) -3(7) 
C(3) 224(9) 206(9) 247(10) 3(8) 95(8) 20(7) 
C(4) 172(9) 229(10) 303(11) 20(8) 74(8) 48(7) 
C(5) 182(9) 199(10) 254(11) 23(8) 17(8) 19(7) 
C(6) 173(9) 154(8) 213(10) 19(7) 44(8) -6(7) 
C(7) 195(9) 170(9) 179(9) -17(7) 62(7) 25(7) 
C(8) 201(9) 206(10) 219(10) -24(7) 91(8) -1(7) 
C(9) 294(10) 203(9) 151(9) -3(7) 95(8) 28(8) 
C(10) 244(10) 217(10) 164(9) -27(7) 4(8) 59(8) 
C(11) 195(9) 217(10) 235(10) -20(8) 63(8) 21(7) 
C(12) 219(9) 181(9) 179(9) -2(7) 78(7) 33(7) 
C(13) 185(8) 150(8) 197(9) 20(7) 29(7) 16(7) 
C(14) 156(9) 211 (9) 228(10) 33(8) -1(7) -18(7) 
C(15) 271(10) 228(10) 174(9) 3(8) -10(8) 6(8) 
C(16) 298(11) 227(10) 195(10) 47(8) 101(9) 25(8) 
C(17) 183(9) 218(10) 254(10) 40(8) 54(8) 3(7) 
C(18) 165(9) 193(9) 194(9) 16(7) 1(7) -4(7) 
F(5) 214(6) 387(7) 226(6) -44(5) 22(5) -83(5) 
F(6) 416(7) 395(8) 233(7) 36(6) 179(6) -38(6) 
F(7) 263(6) 474(8) 220(6) -25(6) 82(5) 
96(6) 
F(8) 309(7) 448(8) 269(7) 85(6) -65(5) 
68(6) 
N(2) 170(7) 165(7) 159(8) -6(6) 36(6) 
3(6) 
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C(19) 190(9) 129(8) 161(9) 
-5(7) 41 (7) 1(7) 
C(20) 175(9) 201(9) 178(9) 
-8(7) 16(7) 27(7) 
C(21) 149(9) 203(9) 244(10) 
-25(7) 64(8) 
-3 (7) 
C(22) 200(9) 193(9) 196(9) 
-6(7) 88(8) 
-29(7) 
C(23) 171 (9) 148(8) 159(9) 
-5(7) 29(7) 
-9(7) 
C(24) 174(8) 148(8) 171(9) 18(7) 44(7) 33(7) 
C(25) 165(9) 203(9) 200(9) 
-7(7) 24(7) 5(7) 
C(26) 256(10) 244(10) 135(9) 2(7) 7(7) 22(8) 
C(27) 284(10) 210(10) 190(10) 28(8) 106(8) 33(8) 
C(28) 185(9) 205(9) 239(10) 7(8) 68(8) 9(7) 
C(29) 177(9) 195(9) 152(9) -9(7) 24(7) 32(7) 
C(30) 171(8) 157(8) 174(9) 27(7) 35(7) -20(7) 
C(31) 193(9) 239(10) 200(10) 17(8) 72(8) 8(7) 
C(32) 286(10) 271(10) 169(9) 44(8) 45(8) -14(8) 
C(33) 222(10) 238(10) 224(10) 78(8) -18(8) -2(8) 
C(34) 181(9) 198(10) 298(11) 28(8) 37(8) 12(7) 
C(35) 187(9) 195(9) 201(9) 7(7) 61(7) -8(7) 
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Table A14. Torsion angles [0] for the F4dppyH2ligand. 
N(1)-C(2)-C(7)-C(12) 32.2(2) 
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Appendix B - TO-OFT Calculations 
Table Bl. Calculated excitation wavelengths (l), oscillator strengths (f) and 
dominant orbital excitations for the ground-state structures of 























A I run (f) Excitation 
dl - 1t l" 
d l - 1t2" 
d2 - 1t l" 
dl - 1t2· 
d2 - 1t3· 
d2 - 1t2" 
d2 - 1t2" 











dl ,2, 1tl,3 - 1tl ,S 
482 (0.1019) 
462 (0 .0000) 







367 (0 .0265) d t ,2 - 1t3,S 
363 (0.0003) d3 - 1tt * 
* 
• 


















Excitation A I nm (f) Excitation 
dl ----+ 1tl" 
dl - 1t3" 
dl ,2 ----+ 1tl ,3· 
dl ----+ 1t2" 
d2 ----+ 1t4· 
d2 ----+ 1t2· 
d2 ----+ IT3· 
















391 (0 .0609) 
385 (0.0577) 
375 (0.0085) 
d 1 ----+ ITl" 
d 1 ----+ IT2" 
d 1 ----+ IT/ 
d2, IT 1 ----+ IT 1 " 
d2 ----+ IT 2 " 
d2 ----+ IT 3 " 
d 1 ----+ IT3 " 
d 2 ----+ IT4" 
d2,3 ----+ IT2,3 
d 1 ----+ ITs· 
d 1 ----+ IT2· 
d 1 ----+ IT l· 
d 1 ----+ IT3 * 
• 
367 (0.0007) d l ----+ ITs 
367 (0.0021) d3 ----+ ITl • 
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Table B2. Calculated excitation wavelengths (1), oscillator strengths (f) and 
dominant orbital excitations for the ground-state structures of 
Ir(N "C" N)(C" N "0) complexes. Orbitals are labelled as in Table 28. 











































dl ---+ 1t1 ,2' 
dl ---+ 1t3' 
d2 ---+ 1t1 2' 
dl ---+ 1t1 2' 
d2,3 ---+ 1t1 ,2,4 
d2,3 ---+ 1t 1,4 ' 

















407 (0 .0962) 
403 (0 .0578) 




dl ---+ 1t1,/ 
d I ---+ 1t3' 
d2,3 ---+ 1t 1,2 ' 
d2, 1t2 ---+ 1t 1,2' 
dl ---+ 1t1 2 
, 
d2,3 ---+ 1t 1,2 
, 
d2 ---+ 1t4' 
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Table B3. Calculated excitation wavelengths (A), oscillator strengths (j) and 
dominant orbital excitations for the ground-state structures of two binding modes 
of Ir(dpydmb)(dinpy). Orbitals are labelled as in Table 29. 
N!\N!\N dinpy binding C!\N!\C dinpy binding 
State 























483 (0 .0001) 
474 (0 .0261) 
458 (0 .0000) 
452 (0.0007) 
431 (0.0040) 
431 (0 .0000) 
430 (0.0012) 




















d), 7r1 ---+ 7rI ,3 • 
d), 7r1 ---+ 7rI ,3 • 
dl ---+ 7r2 • 
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Table B4. Calculated excitation wavelengths (l), oscillator strengths (f) and 
dominant orbital excitations for the ground-state structure of 
[Ir(dpydmb)(terpy)]2+. Orbitals are labelled as in Table 30. 
[Ir( dpydmb ) (terpy)] 2+ 105 
State 
A / nm if) Excitation 
TI 545 • 1t1 ---+ 1t1 
T2 493 • 1t2 ---+ 1t I 
T3 476 • 1t I ---+ 1t2 
T4 460 d2 ---+ 1t1 • 
Ts 451 • 1t2 ---+ 1t4 
T6 434 d 1,2, 1t2,3 ---+ 1t 1,2 • 
537 (0.0000) • SI 1t1 ---+ 1t1 
483 (0.0024) • S2 1t2 ---+ 1t1 
473 (0.0001) • S3 1t I ---+ 1t2 
S4 441 (0.0014) • 1t2 ---+ 1t2 
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